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S:\rALL  ROWEL  TUMORS 
A  Clinical  Stioy  of  109  Cases 
JAMES  S.  BERNSTEIN,  M.I). 

AND 

WOO  VOON  CHEY,  M.D. 

Tumors  of  the  small  intestine  are  uncommon,  but  the  available  literature  on 
the  subject  is  voluminous.  It  is  difficult,  however,  for  the  interested  clinician  to 
formulate  an  accurate  impression  of  the  o\  er-all  frecjuency  of  these  tumors,  the 
relative  fretjuency  of  the  various  types,  and  the  spectrum  of  clinical  features 
which  these  neoplasms  present.  The  confusion  arises  for  several  reasons:  many 
of  the  reports  describe  one  case  or  a  small  series  of  cases;  some  authors  have 
<'ollected  and  reported  tumors  of  only  one  microscopic  type;  others  have  con- 
cerned themselves  with  tumors  of  one  section  of  the  small  intestine;  still  others 
have  rex  iewed  either  benign  or  malignant  tumors  only.  Carcinoids,  lymphomas 
and  Hodgkin's  disease  ha\'e  usually  been  considered  separately.  Thus,  although 
new  relevant  articles  augment  the  American  literature  at  the  rate  of  about  25 
per  year  (1),  the  clinician's  perspective  of  these  lesions  as  a  unified  problem  may 
well  be  distorted  or  fragmentary.  To  compound  the  confusion,  the  criteria  for 
the  diagnosis  have  been  highly  variable  in  the  innumerable  case  reports,  and  the 
precision  of  histological  diagnosis  has  sometimes  been  less  than  optimal.  Indeed, 
some  reviews  and  case  reports  have  not  mentioned  or  clearly  delineated  diag- 
nostic criteria  at  all. 

PURPOSE  AND  METHOD 

Stimulated  by  experience  with  five  recent  cases,  the  authors  believe  that  there 
is  need  for  a  comprehensive  clinico-pathological  .survey  and  analysis  of  all  types 
of  small  bowel  tumors  as  they  occur  at  a  large  general  hospital.  The  surgical 
pathology  and  autopsy  records,  of  The  Mount  Sinai  Hospital  for  the  last  25 
years  contain  109  cases  of  small  intestinal  neoplasms  on  which  there  are  satis- 
factory clinical  and  pathological  data.  We  excluded  cases  for  which  sufficient 
information  was  not  available.  The  clinical  chart  of  each  patient  was  studied  and 
either  the  operative  note  or  po.st  mortem  protocol  reviewed.  All  but  a  few  un- 
available histologic  .slides  were  collected  and  reviewed  by  the  authors. 

We  have  included  all  primary  benign  and  malignant  tumors  of  the  small 
intestine.  Cases  of  lymphoma  and  Hodgkin's  disease  have  been  included  where 
the  small  bowel  involvement  was  the  only  manifestation  or  predominant  clinical 
feature  of  the  disease.  A  few  metastatic  sarcomas  have  been  included  where  the 
primary  site  was  not  apparent  clinically.  Metastatic  tumors  and  lymphomas  were 
excluded  if  the  small  intestinal  lesion  was  a  part  of  obvious  metastatic  or  gen- 
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eralized  disease.  We  have  also  included,  as  will  be  discussed  subsequently,  cases 
of  small  intestinal  carcinoma  in  which  it  was  impossible  to  determine  whether 
the  tumors  were  primary  or  secondary. 

It  is  not  our  purpose  to  review  the  literature.  In  the  discussion  of  each  section, 
however,  some  principal  comparisons  of  our  experience  with  that  of  others  will 
be  made.  Clinical  features  of  the  entire  series  and  of  each  group  will  be  emphasized 
with  particular  attention  to  the  difficulties  of  diagnosis.  The  diagnosis  of  .small 
bowel  tumors  b}^  x-ray  is  an  extremely  important  a.spect  of  this  problem  but  is 
beyond  the  scope  of  this- paper  (2-8).  We  will  discuss  only  how  the  x-ray  was 
used  and  when  it  was  .succes.sful. 

MATERIAL 

The  types  of  tumors,  their  relative  incidence  and  how  the  cases  were  found  are 
indicated  in  Table  I.  Se\'enty  cases  were  found  at  operation  and  39  ca.ses  were 
found  at  post  mortem  examination.  Since  methods  of  case  selection  vary,  inci- 
dence figures  in  the  literature  are  not  directly  comparable  to  ours.  Autopsy 
series  of  malignant  lesion.s  of  the  small  intestine  have  been  reported  many  times 
since  1876.  Early  autopsy  figures  reveal  that  small  intestinal  malignancies  com- 
prised one-tenth  of  one  per  cent  or  less  of  all  gastrointestinal  malignancies. 
Some  ratios,  however,  have  been  as  high  as  six  per  cent  (9-13).  Fifty -eight  of  our 
cases  were  males  and  51  were  females.  Fifty-six  cases  had  malignant  tumors  and 
53  benign.  Elias  et  al  (14)  found  32  malignant  tumors  and  57  benign  in  the  surgical 
pathology  and  autop.sj'  files  of  the  Boston  Cit\"  Hospital  o\-er  a  20-year  period. 
Weibel  et  al  (15)  collected  100  malignant  and  65  benign  tumors  from  four  hos- 
pitals over  16  years.  Of  the  39  cases  found  at  autopsy  in  our  series,  eight  were 
malignant  and  31  benign.  Elias  et  al  (14)  found  16  malignant  and  46  benign. 
Buckstein's  autopsy  series  (8)  contained  30  malignant  tumors  and  35  benign  out 
of  22,810  autopsies. 

Many  reviews  separate  autopsy  and  surgical  cases  completely  for  fear  of  losing 
clinical  perspective  by  mixing  together  symptomatic  and  incidental  cases.  In 
our  series,  cases  were  found  incidentally  both  at  operation  and  at  post  mortem 
examination  (Table  I).  There  will  be,  therefore,  no  .separate  treatment  of  the 
surgical  and  post  mortem  material.  Over-all,  the  tumors  were  clinically  sympto- 
matic, i.e.  important  or  predominant  in  the  clinical  problem,  in  74  cases  and 
were  found  incidentall}'  in  35  cases.  Thirty-one  of  the  35  were  benign  tumors.  As 
indicated  in  Table  I,  52  of  the  56  malignant  tumors  but  only  22  of  the  53  benign 
tumors  were  clinically  symptomatic. 

CARCINOMA 

Fifteen  cases  of  carcinoma  of  the  small  intestine  were  found  during  the  re- 
porting period.  Elias  et  al  (14),  whose  method  of  case  selection  was  similar  to 
ours,  found  20  carcinomas  out  of  89  tumors  of  all  types  except  carcinoid.  Most 
authors  (6,  14,  16,  17,  18)  have  found  carcinoma  to  be  more  common  than  sar- 
coma, grouping  lymphomas  with  the  .sarcomas.  Less  than  a  third,  however,  of 
our  group  of  malignant  tumors  were  carcinomas.  One  reason  for  the  low  propor- 
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tioii  of  cairinoinas  nuiy  he  the  proper  reluetaiice  of  the  Pathology  Department 
of  The  Mount  Siimi  Hospital  to  aceept  the  diagnosis  of  primary  carcinoma  of 
the  small  intestine  unless  all  possibility  of  another  primary  ori^jin  has  been  ruled 
out.  Regarding  duodenal  lesions,  clear  evidence  is  recjuired  that  the  primary  site 
is  definitely  not  the  pancreas,  the  stomach,  or  the  ampulla  of  \'ater.  This  may 
be  impossible  to  determine.  Kleinerman  et  al  (19)  "accepted"  4.^:^  cases  of  pri- 
mary tluodenal  carcinoma  out  of  7-i'.i  reported  cases  in  1950,  and  Brenner  and 
Brown  (20)  added  21  others  including  15  of  their  ow  n  in  1955.  E.xperience  of  the 
Pathology  Department  has  shown  that  carcinomas  of  the  jejuiunn  and  ileum 
cannot  be  definitely  designated  as  primary,  regardless  of  their  anatomic  char- 
acteristics, unless  the  pos.sibility  of  any  other  primary  site  is  precluded  by  a 
surgical  follow-up  of  at  least  five  years  or  an  autopsy  study.  Even  a  meticulous 
autop.-<y  study  may  not  remo\  e  the  possibility  of  metastasis  to  the  small  l)owel  if 
hematogenous  dissemination  of  an  anaplastic  carcinoma  is  found. 

Thirteen  of  our  15  cases  of  carcinoma  were  operated  on  and  two  of  these 
were  later  examined  at  post  mortem.  Two  other  cases  were  found  at  post  mortem 
examination.  In  one  of  the  latter  two,  the  carcinoma  was  an  incidental  finding  in 
a  patient  who  died  of  congestive  heart  failure  and  pneumonia.  I  sing  the  rigorous 
criteria  outlined  abo\-e,  only  one  of  the  15  can  be  considered  a  'j)ro\  en  primary' 
neoplasm.  This  was  a  surgical  case  of  a  55-year-old  man  with  an  aimular  scir- 
rhous adenocarcinoma  who  was  known  to  be  alive  and  well  fi\e  years  and  two 
months  after  operation. 

In  13  other  cases,  the  pathologic  diagnosis  of  primary  small  bowel  carcinoma 
was  considered  probable.  Becau.se  the  orientation  of  this  study  is  clinical,  data 
on  these  13  cases  have  been  included.  Precision,  however,  retjuires  brief  ex- 

T.\BLE  I 


Distiibution  of  109  Cases  oj  Small  Bowel  Tumor 


Distribution 

Found  at  operation 

Found  at  post  mortem 

Total 

1 

Symptomatic 

Incidental 

Sympto- 
matic 

Incidental 

Sympto- 
matic 

Incidental 

Malignant: 

Carcinoma  

13 

1 

1 

14 

1 

Lympho.sarcoma  and 

Hodgkin'.s  Di.sease.  . .  . 

16 

3 

19 

Sarcoma  

15 

1 

1 

15 

2 

Carcinoid  

3 

1 

1 

4 

1 

Total  

47 

1 

5 

3 

52 

4 

Benign: 

Carcinoid  

1 

1 

1 

10 

2 

11 

Other  

17 

3 

3 

17 

20 

20 

Total  

18 

4 

4 

27 

22 

31 

Total  Benign  and  Malig- 

nant Tumors:  

65 

5 

9 

30 

74 

35 
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planation  of  why  these  13  did  not  deserve  classification  as  'proven  primary' 
carcinomas. 

The  slides  of  two  post  mortem  cases  which  were  reported  as  primary  carcinoma 
18  and  25  years  ago  could  not  be  located.  Since  we  were  unable  to  study  the 
sections  of  these  two  cases  and  since  only  one  other  case  could  be  considered  a 
'proven  primary',  we  must  classify  these  as  'probable  primary'  tumors.  Another 
case  whose  surgical  specimen  revealed  immature  anaplastic  carcinoma  of  the 
jejunum  showed  at  autopsy  widespread  hematogenous  metasta.ses.  Thus  doubt 
exists  as  to  whether  the  jejunal  lesion  was  actually  primary.  The  fourth  case 
examined  at  post  mortem  was  a  case  of  carcinoma  of  the  duodenum.  Review  of 
the  sections  reveals  microscopic  involvement  of  the  ampulla  of  Vater.  .\lthough 
this  appears  to  be  direct  extension  of  a  duodenal  carcinoma,  we  believe  the  possi- 
bility of  a  primary  ampuUary  carcinoma — a  far  more  common  lesion — has  not 
been  excluded. 

Eight  surgical  cases  had  inadequate  follow-ups.  One  of  these  was  a  pedun- 
culated lesion  believed  to  be  a  benign  duodenal  polyp  at  operation.  A  ninth 
surgical  case  had  microscopic  ampuUary  involvement  which  duplicates  the  con- 
dition in  the  autopsy  case  mentioned  above.  In  one  duodenal  lesion,  though 
there  was  marked  mucosal  involvement  with  a  deep  ulceration,  it  was  impo.s- 
sible  to  tell  whether  the  primary  site  was  the  duodenum  itself  or  the  pancreas. 
This  case  is  designated  'possible  primary.' 

/.  Location 

Of  the  15  carcinomas,  nine  arose  in  the  jejunum  and  .six  in  the  duodenum. 
We  did  not  find  any  carcinomas  of  the  ileum.  In  fact,  seven  of  the  nine  jejunal 
lesions  were  located  within  one  foot  of  the  ligament  of  Treitz.  The  generally 
accepted  distribution  figure  for  location  is  that  of  Hoffman  and  Pack  (21)  based 
on  228  collected  autopsy  cases.  Approximately  45  per  cent  were  found  in  the 
duodenum  and  55  per  cent  in  the  jejunum  and  ileum.  Bockus  (16)  and  other 
reviewers  have  accepted  these  authors'  finding  that  the  second  most  common 
site  was  the  lower  ileum.  Our  failure  to  find  any  ileal  lesions  corresponds  to  the 
finding  of  Elias  et  al  (14)  of  only  two  out  of  20.  Carcinoma  of  the  duodenum  has 
often  been  considered  separately  becau.se  of  its  special  therapeutic  implications. 
Silvis  (22)  compiled  a  lengthy  bibliography  which  emphasizes  surgical  con- 
siderations. 

2.  Clinical  Features 

The  group  of  15  cases  was  composed  of  11  males  and  four  females.  The  age 
range  was  40  to  72  with  a  mean  of  56  years.  The  duration  of  symptoms  was 
extremely  variable,  from  one  month  to  three  years.  Of  the  14  .symptomatic 
ca.ses,  six  presented  abdominal  pain.  In  one  of  these,  the  pain  was  epigastric  and 
relieved  by  food  and  alkali.  This  was  an  ulcerated  jejunal  carcinoma  near  the 
ligament  of  Treitz.  The  pain  was  not  characteristically  described  in  the  other 
five.  Three  of  the  five  had  epiga.stric  pain,  one  had  left  lower  quadrant  pain,  and 
one  had  generalized  abdominal  pain.  Two  other  patients,  both  with  carcinomas 
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of  the  second  portion  of  the  thiodenuni,  presented  painless  jaundice.  Three 
patients  presented  a  hypochromic  anemia.  The  three  other  symptomatic  cases — 
all  carcinomas  of  the  duodenum — presented  as  a  chief  complaint:  epigastric 
distress,  in  two,  and  vomiting  without  pain,  in  one. 

Bockus  (16)  and  others  follow  Mateer  and  Hartman  (23)  in  describing  three 
recognizable  clinical  syndromes  of  carcinoma  of  the  duodenum  according  to  lo- 
cation—supra-ampullarv,  peri-umpullary,  and  infra-ampullary.  This  cla.ssifica- 
tion  is  still  employed  by  some  (20,  22,  24).  All  six  of  our  carcinomas  of  the  duo- 
denum aro.se  in  the  second  portion.  The  above  cla.ssification  did  not  seem  to  be 
pathologically  convenient  or  even  po.ssible  in  these  cases  nor  did  it  seem  to  have 
clinical  significance.  A  few  of  the  lesions  seemed  to  arise  from  almost  the  same 
location,  yet  the  clinical  picture  varied  considerably.  Di.xon  et  al  (25)  correlated 
symptomatology  with  morphologic  characteristics  and  also  found  this  cla.ssifi- 
cation  un.satisfactory.  Xone  of  the  seven  ca.ses  had  the  ulcer-type  pain,  back  pain 
or  fluctuating  jaundice  described  by  Bockus  (16). 

Other  noteworthy  clinical  features  included  intussu.sception  and  mechanical 
obstruction  in  two  cases.  A  mass  was  palpable  in  only  three  of  the  14.  One  case, 
a  duodenal  carcinoma,  had  hematemesis  and  another  had  a  moderate  fever. 
Melena  was  definitely  observed  in  nine  cases  and  was  probably  present  in  three 
others  although  a  stool  guaiac  report  could  not  be  found.  None  of  the  cases 
perforated. 

Pridgen  et  al  (26)  found  a  palpable  mass  in  41  per  cent  of  jejunal  lesions  and 
48  per  cent  of  ileal  lesions.  One  of  our  six  duodenal  cases  had  a  palpable  mass 
as  did  two  of  the  nine  jejunal  carcinomas.  Our  finding  of  only  two  clear  cases  of 
obstruction  out  of  14  is  also  less  than  the  literature  usually  records.  The  common 
clinical  features  of  this  group  of  carcinomas  are  occult  bleeding  and  nondescript 
abdominal  pain. 

3.  Clinical  and  X-ray  Diagnosis 

Bleeding  and  pain  are  scarcely  sufficient  to  suggest  a  diagnosis  of  small  in- 
testinal carcinoma,  nor  are  many  of  the  other  clinical  findings  noted  above  more 
helpful.  The  difficulty  in  making  this  diagnosis  preoperatively  or  ante  mortem 

TABLE  II 


Pre-operative  or  Ante  Mortem  Diagnosis  in  14  Symptomatic  Small  Intestine  Carcinomas 


Correct 

5 

Carcinoma  of  pancreas 

Carcinoma  of  ampulla 

Infectious  hepatitis 

Carcinoma  of  stomach 

Regional  enteriti.s 

Benign  duodenal  polyp 

Cholecystitis 

Not  specified 

2 
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TABLE  III 


Results  of  X-ray  Examinations  in  13  Cases  of  Carcinoma 


Jejunum  (9) 


Duodenum  (4) 


G.I.  series  

Small  bowel  series 
Abnormality  noted 
Diagnosis  made. . . . 


5 
4 
2 
2 


4 


3 


is  indicated  in  Table  II.  The  usefulness  of  x-ray  examinations  in  this  group  is 
also  tabulated  (Table  III).  For  a  radiologic  diagnosis  to  qualify  as  correct,  we 
have  arbitrarily  accepted  any  x-ray  report  of  "small  bowel  tumor,"  and  have  not 
demanded  that  the  type  of  tumor  be  specified.  We  wish  to  stress  that  many  of 
the  x-ray  examinations  of  the  patients  in  the  entire  study  were  not  carried  out 
by  the  X-ray  Department  of  The  Mount  Sinai  Hospital.  X-ray  results  and  pre- 
operative diagnoses  are  included  to  impress  upon  the  reader  the  diagnostic  diffi- 
culties of  small  bowel  tumors.  Far  from  disparaging  the  role  of  x-ray  examina- 
tion, it  is  our  hope  that  the  clinician  may  become  more  alert  to  the  possibilitj^ 
of  these  diagnoses  and  pursue  them  with  more  frequent  and  careful  x-ray 
studies. 

In  this  group,  no  x-ray  examination  at  all  was  done  on  one  patient  who  had  a 
duodenal  carc-inoma  with  painless  jaundice.  Death,  however,  was  attributed  to 
acute  yellow  atrophy  due  to  infectious  hepatitis.  The  other  four  duodenal  lesions 
all  disclosed  some  abnormality  on  upper  gastrointestinal  series.  Five  of  the  nine 
jejunal  carcinomas  had  no  x-ray  examination  of  the  small  intestine.  Weber  and 
Kirklin  (4)  reported  a  correct  diagnosis  in  94  per  cent  of  duodenal  neoplasms, 
85  per  cent  of  jejunal,  and  65  per  cent  of  ileal  neoplasms.  Golden  and  Morales 
(5)  found  an  abnormality  in  17  out  of  19  cases  of  small  bowel  carcinoma  which 
were  studied  by  small  intestine  series.  By  comparison,  they  found  an  abnormality 
in  13  out  of  13  lymphomas,  seven  out  of  eight  carcinoids,  five  out  of  six  other 
malignancies,  and  11  out  of  15  benign  tumors.  Keats  and  Sakai  (6),  however, 
reported  a  lower  over-all  accuracy  rate  of  59  per  cent. 


FoUoAv-up  of  this  group  of  patients  was  poor.  Of  the  13  surgical  patients, 
three  died  at  or  shortly  after  operation.  Three  died  of  cancer  within  a  year.  Eight 
of  the  13  had  metastases  at  the  time  of  operation.  A  patient  with  a  scirrhous 
annular  lesion  of  the  jejunum  was  known  to  be  alive  and  well  five  years  after 
operation.  The  fate  of  the  other  six  is  not  known. 


Nineteen  cases  of  lymphosarcoma  and  Hodgkin's  disease  were  found  in  which 
the  small  intestinal  involvement  was  the  predominant  or  only  manifestation  of 
the  disease.  These  cases  represent  one-third  of  the  malignant  tumors  in  the  series. 
According  to  Allen  et  al  (27),  lymphomas  make  up  39.7  per  cent  of  small  intestinal 
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nialignaiicies.  TIk>  literature  on  this  subject  is  confusiu'!;  because  tlie  histological 
classificatioii  of  tumors  ot  lymphoid  and  reticulum  tissue  has  been  subject  to 
change.  There  has  been  a  trend  away  from  the  elaborate  classification  of  Robb- 
Smith  (28).  VWen  the  .simplified  sj-stems  of  Gall  and  .Mallory  (29)  and  Jack.son 
and  I'arker  (:^0)  are  more  clinically  relevant  in  an  abbreviated  form.  The  system 
employed  by  the  Pathology  Department  of  The  Mount  Sinai  Hospital,  similar 
to  that  used  by  other  current  authors  (iU,  32,  33),  is  a  simplified  division  of 
lymphomas  into  lymphosarcoma,  reticulum  cell  sarcoma  (or  large  cell  lympho- 
.sarcoma),  and  giant  follicular  Ij'mphoblastoma. 

The  proper  pathological  classification  of  Hodgkin's  disease  has  not  been 
.settled.  The  fact  that  we  ha\"e  considered  lymphosarcoma  and  Hodgkin's  disease 
together  does  not  imply  an  etiological  relationship  between  the.se  two  diseases. 
Th(>ir  similarities,  however,  justify  grouping  them  together  for  the  purposes  of  a 
clinical  study. 

All  four  cases  of  Hodgkin's  disease  had  unequivocal  Reed-Sternberg  cells  on 
microscopic  .section.  Cases  in  which  the  .surgical  pathology  .slides  merely  revealed 
changes  "suggestive"  of  lymphosarcoma  or  of  Hodgkin's  disea.se  were  not  in- 
cluded. A  few  of  our  cases  appeared  in  a  previous  discussion  of  lymphosarcoma 
of  the  small  and  large  intestine  by  Winkelstein  and  Levy  (34). 

Burman  and  van  Wyk  (32)  collected,  over  an  imdisclosed  period,  25  cases  of 
lympho.sarcoma  of  the  small  intestine  and  cecum,  which  included  seven  reticulum 
cell  sarcomas,  18  lymphosarcomas  of  various  sub-types,  and  no  cases  of  Hodgkin's 
disease.  Marcuse  and  Stout  (33)  reviewed  179  cases  of  small  intestinal  lympho- 
sarcoma from  the  literature  and  13  cases  treated  at  Presbyterian  Ho.spital  over 
15  years.  They  make  no  mention  of  Hodgkin's  disease.  Faulkner  and  Dockerty 
(31)  reported  33  surgical  cases  from  the  Mayo  Clinic.  Their  series  included  11 
ly m ph osa rc oma s  ("small  J^elP^,  16  reticulum  cell  sarcomas  ("large  cell"), 
t^hree  Hodgkin's  di.sease.  one  giant  follicular  lymphoblastoma,  and  two  "mixed" 
lymphomas.  I'sher  and  Dixon  (35)  studied  50  cases  of  lymphosarcoma  of  the 
small  and  large  intestine  and  classified  25  as  malignant  lymphocytoma  and  25  as 
reticulum  cell  sarcoma.  Bockus  (16)  groups  lympho.sarcoma  with  other  sarcomas 
according  to  Ewing's  classification  (36)  of  gastrointestinal  sarcomas. 

The  general  study  of  Hodgkin's  disease  by  Hoster  and  Dratman  (37)  mentions 
only  two  reports  of  Hodgkin's  disease  limited  to  the  .small  intestine  (38,  39). 
Lumb's  monograph  (40)  on  lymphomas,  based  on  a  study  of  410  cases  of  lymphoid 
tissue  tumors,  included  175  cases  of  Hodgkin's  disease  and  21  cases  of  reticulum 
cell  .sarcoma  with  no  small  intestinal  in\-olvement.  On  the  other  hand,  .seven  of 
75  cases  of  lymphosarcoma  had  small  intestinal  lesions. 

In  contrast  to  the  distribution  of  small  intestinal  lymphomas  in  the  above 
articles,  four  of  our  19  cases  were  diagnosed  as  Hodgkin's  disea.se.  Warren  and 
Littlefield  (41)  found  ten  out  of  49  gastrointestinal  lymphomas  limited  to  the 
small  bowel  and  two  of  the  ten  were  Hodgkin's  disea.se.  The  most  inclusive  study 
of  this  rare  site  of  Hodgkin's  disease  was  by  Portmann  et  al  (42).  They  re\'iewed 
the  literature  on  gastrointestinal  Hodgkin's  disease  from  1919-1953  and  found 
approximately  200  cases  in  which  the  gastrointestinal  tract  was  the  principal  or 
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TABLE  IV 

Types  and  Location  of  Small  Intestine  Lymphosarcoma  and  Hodgkin's  Disease 


Loc3.tion 

flodgkin  s  disease 

Lym  p  h  0   r  coin  3, 

Total 

T)nr»ripn  1 1  tyi 

Duodenum  and  jejunum  

1 

1 

Jejunum  

8 

8 

Jejunum  and  ileum..'  

3 

2 

5 

Ileum  

2 

2 

Entire  small  bowel  

1 

1 

2 

Not  specified  

1 

1 

Total  

4 

15 

19 

only  site  of  involvement.  Forty -five  of  their  collected  case  reports  were  of  Hodg- 
kin's disease  of  the  small  bowel  and  they  added  one  case  of  their  own.  Cases 
wdth  coexistent  gastric  or  colonic  lesions  were  excluded. 

1.  Location 

Location  of  the  lesions  is  noted  in  Table  IV.  Bockus  (16)  states  that  the  most 
common  site  of  lymphosarcoma  of  the  small  bowel  is  the  terminal  ileum.  This 
statement  is  supported  by  others  (31,  32,  33,  35).  Eighteen  of  the  33  cases  of 
Faulkner  and  Dockerty  (31)  were  limited  to  the  ileum  and  five  others  involved 
both  jejunum  and  ileum.  Only  two  of  our  cases  were  confined  to  the  ileum  and 
six  others  had  multiple  lesions  including  the  ileiun.  Portmann's  figures  (42)  for 
46  cases  of  small  intestinal  Hodgkin's  disease  were  duodenum,  12.5  per  cent; 
jejunum  or  proximal  ileum,  55  per  cent;  terminal  ileum,  20  per  cent;  and  entire 
small  bowel,  12.5  per  cent. 

2.  Age  and  Sex 

The  age  range  of  the  19  cases  of  lymphoma  was  20  to  68  with  a  mean  of  48 
years.  Xine  cases  were  males  and  ten  were  females.  The  average  age  of  the  four 
cases  of  Hodgkin's  disease  was  53  years.  One  was  a  male  and  three  were  females. 
Marcuse  and  Stout  (33)  noted  sex  distribution  in  134  out  of  192  cases  of  primary 
lympho.sarcomas  collected  from  the  world  literature,  1932-1948.  They  found  104 
cases  in  men  and  only  30  in  women.  This  preponderance  pervades  the  literature 
with  a  male-female  ratio  of  2  to  3.5:1.  This  ratio  also  seems  to  hold  for  gastro- 
intestinal involvement  of  Hodgkin's  disease  (42,  43,  44),  although  involvement 
of  the  small  intestine  alone  is  too  rare  to  warrant  any  statement. 

3.  Clinical  Features 

Sixteen  of  the  19  cases  were  found  at  operation.  Three  of  these  were  later 
examined  at  post  mortem.  Three  others  were  examined  only  at  post  mortem. 
All  of  the  19  cases  were  symptomatic. 

The  presenting  symptom  in  13  of  the  19  cases  was  abdominal  pain.  This  was 
frequently  crampy  in  nature  and  associated  with  nausea  and  vomiting.  Eleven 
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patients  had  a  significant  degree  of  mechanical  intestinal  obstruction.  Interest- 
ingly enough,  two  of  these  13  patients  described  epigastric  pain  relieved  by  food 
and  alkali.  One  was  a  o2-year-old  woman  who  had  e.xtensive  infiltration  of  the 
jejunum  by  lymphosarcoma  which  had  afiected  the  cervical  nodes  two  years 
earlier.  The  other  was  a  48-year-old  man  with  a  seven  month's  history  of  "ulcer- 
type"  pain  and  lesions  involving  40  cm.  of  jejunum  and  3  cm.  of  ileum.  Both 
patients  had  perforation  and  peritonitis  and  both  came  to  po.st  mortem  e.xami- 
nation.  This  striking  feature  of  perforation  will  be  discu.ssed  in  detail. 

Three  of  the  19  patients  sought  medical  attention  because  of  symptoms  re- 
lated to  anemia.  One  patient  found  a  palpable  mass  her.self;  another  had  had 
diarrhea;  and  the  last  in  the  series,  a  patient  with  perforation  and  peritonitis, 
had  had  a  fex  er  for  three  months. 

In  se\'en  of  the  19  cases  a  mass  was  palpable.  Blood  in  the  stool,  almost  always 
occult,  was  found  in  nine  cases.  Hematemesis  was  a  feature  of  one  patient  who 
had  gastric  lesions.  Prolonged  weakness  and  weight  lo.ss,  from  four  to  18  months, 
was  pre.sent  in  seven  cases.  One  case  had  ascites,  one  had  clubbing,  and  one  case 
of  lymphosarcoma  had  eosiniphilia  of  three  to  15  per  cent.  Intussusception  was 
found  in  two  of  the  11  patients  who  had  .some  degree  of  ob.struction.  Eight 
patients  had  fever  and  five  of  the.se  had  perforation  or  fistulization.  Six  patients 
had  definite  intestinal  perforation  into  the  peritoneal  cavity  or  adjacent  loops  of 
bowel,  and  a  seventh  patient  may  have  perforated. 

One  patient  had  a  malabsorption  .syndrome.  This  was  a  40-year-old  man  ad- 
mitted in  1938  who  had  had  episodes  of  abdominal  pain  and  di.stension  suggestive 
of  partial  intestinal  obstruction  for  more  than  18  months.  For  five  months  be- 
fore his  death,  he  had  had  steatorrhea  and  diarrhea.  An  oral  glucose  tolerance 
test  was  fiat.  Xo  anemia  was  found.  A  small  bowel  series  performed  four  months 
before  his  death  revealed  characteristic  features  of  the  .sprue  syndrome.  A  re- 
peat examination  one  month  before  death  showed  more  irregularity  and  some 
definite  areas  of  ulceration.  The  first  diagnosis  was  tuberculous  enteritis,  but 
lymphoma  and  regional  ileitis  were  also  mentioned.  At  post  mortem  examination 
the  stomach,  duodenum,  and  jejunum  were  diffusely  infiltrated  with  lympho- 
sarcoma and  there  were  numerous  foci  in  the  mesenteric  nodes,  liver,  and  left 
kidney.  Sleisenger,  Almy,  and  Barr  (45)  have  emphasized  that  this  .sj-ndrome  is 
probably  not  as  rare  in  lymphoma  or  in  unselected  series  of  sprue  as  is  generally 
belie\'ed.  Including  their  own  cases,  only  17  instances  of  a  malab.sorption  syn- 
drome caused  by  lymphoma  had  been  reported  as  of  1953. 

Most  authors  agree  that  abdominal  pain  is  the  most  common  presenting 
symptom  of  small  bowel  lymphoma,  but  it  has  no  special  characteristics  and  is 
often  caused  by  intestinal  obstruction.  There  is  disagreement  as  to  the  importance 
of  anemia.  Marcu.se  and  Stout  (33)  and  Burmanand  \-an  Wyk  (32)  minimize  the 
frequency  of  significant  anemia  but  it  is  emphasized  by  some  earlier  writers  (46, 
47).  Since  .symptoms  develop  late  in  proportion  to  the  .size  of  the  tumors  ex- 
amined, it  is  not  surprising  that  a  palpable  ma.ss  is  common  in  other  series  as  well 
as  ours.  In  Burman  and  van  Wyk's  series  (32)  of  25  ca.ses,  19  had  a  palpable  mass 
Thirteen  cases  in  that  .ser  ies  had  occult  bleeding  which  compares  well  with  nine 
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out  of  19  in  ours.  In  some  series  (32,  33,  47)  c-hange  in  bowel  habits  is  stressed — 
either  constipation,  diarrhea,  or  alternating  constipation  and  diarrhea  This  was 
not  a  prominent  feature  in  our  cases. 

Intussusception  has  been  reported  in  18  to  50  per  cent  of  various  series.  It 
was  found  in  ten  of  the  33  surgical  cases  discussed  by  Faulkner  and  Dockerty 
(31).  Gross  (48)  reports  that  two  of  his  702  cases  of  intussusception  in  children 
w-ere  due  to  lymphoma.  Our  two  patients  with  intussusception  were  20  and  41 
years  of  age.  The  former  had  an  8  cm.  intussusception  which  began  62  cm. 
beyond  the  ligament  of  Treitz  and  was  led  by  a  3  cm.  mucosal  nodule  of  lympho- 
sarcoma. The  latter  had  a  "golf-ball"  size  lymphosarcoma  just  proximal  to  the 
ileo-cecal  valve  with  an  ileo-colic  intussusception  which  reached  the  mid-transverse 
colon. 

Only  two  cases  had  either  a  suggesti\'e  or  established  history  of  lymphoma. 
One  was  the  case  of  lymphosarcoma  with  prior  cervical  involvement,  mentioned 
above,  and  the  other  was  a  43-j^ear-old  woman  who  had  a  cervical  node  biopsy 
reported  as  giant  follicular  lymphoblastoma  at  The  Mount  Sinai  Hospital  two 
years  before  admission.  She  was  treated  with  radiotherapy  and  was  well  until 
three  months  prior  to  admission  when  she  developed  weakness  due  to  anemia. 
On  post  mortem  examination,  seven  small  gastric  nodules  of  lymphosarcoma 
were  found  in  the  mucosa  and  submucosa,  plus  exten.sive  nodular  infiltration  of 
all  layers  of  the  wall  of  the  duodenum  and  jejunum  by  lymphosarcoma. 

4-  Perforation 

Perforation  of  the  bowel  wall  has  been  reported  sporadically  in  ca.ses  of 
lymphosarcoma  and  has  been  estimated  in  one  or  two  per  cent  of  cases  according 
to  the  older  literature.  This  figure  may  have  to  be  revised  upward  on  the  basis 
of  some  recent  experience  including  our  own.  Skrimshire  (49)  reported  that  20 
per  cent  of  a  small  series  of  lymphomas  had  a  perforation.  Portmann  et  al  (42), 
in  their  review  of  gastrointestinal  Hodgkin's  disease,  noted  seven  cases  with 
perforation  and  peritonitis  out  of  39  case  reports.  One  of  the  three  cases  of 
Hodgkin's  disease  included  in  the  IVIayo  Clinic  series  (31)  perforated.  IrWne  and 
Johnstone  (50)  collected  17  cases  of  lymphosarcoma  of  the  small  intestine  over 
an  eight-year  period.  Eight  of  the  17  had  intestinal  perforation.  Furthermore,  the 
authors  described,  but  did  not  include,  five  other  cases  of  perforation  in  lympho- 
sarcoma. They  found  perforation  related  particularly  to  reticulum  cell  sarcoma. 
Two  other  recent  series  of  lymphosarcoma  (33,  32),  found  no  perforations  in  13 
cases  and  five  perforations  in  25  cases.  Marcuse  and  Stout  (33)  refer  to  other 
case  reports  of  perforation  and  to  instances  in  the  foreign  literature  of  perforation 
from  one  loop  of  bowel  to  another.  They  had  one  such  case  as  did  Burman  and 
van  Wyk  (32). 

In  our  series  there  were  six  definite  cases  of  perforation  or  entero-enteral 
fistulization  and  another  possible  case.  Two  of  these  .seven  patients  had  Hodgkin's 
disease,  including  the  case  with  possible  perforation.  In  other  words,  two  of  the 
four  patients  with  Hodgkin's  di.sease  of  the  .small  intestine  had  perforation.  This 
is  a  finding  of  great  rarity. 
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Four  patients  had  Irank  peritonitis  and  a  clearly  \  isviali/,ed  perforation.  One 
of  these  four  had  Hodgkin's  disease.  In  this  ease  a  "silver-dollar"  size  ulcer  of 
the  ileum  had  perforated.  Post  niortcMu  examination  revealed  this  ulcer  as  well 
as  several  other  discrete  pla(iues  of  the  jejunum  and  ileum,  many  me.senteric 
nodes,  and  a  40  em.  strip  of  jejummi  as  sites  of  Hodgkin's  disease.  The  three  other 
patients  all  had  nuiltiple  small  intestinal  lesions  of  lymphosarcoma.  One  had  an 
obvious  perforation  of  a  necrotic  ulcer;  another  had  a  very  small  sinus  tract  to 
the  serosa.  In  th(>  latter  case  the  full  thickness  of  the  intestinal  wall  was  involved 
with  lymphosarcoma.  The  thiixl  had  matted  loops  of  small  bowel  resected.  At 
least  fi\e  openings  were  noted  between  two  adjacent  loops.  In  the  center  of  an 
ulcerated  area,  there  was  a  free  perforation  as  well  as  a  communication  to  an 
abscess  in  the  mesentery. 

Entero-enteral  fistulae  without  free  perforation  were  noted  at  post  mortem 
examination  in  the  patient  with  the  sprue  syndrome  described  above.  The  only 
patient  in  the  series  with  large  cell  lymphosarcoma  or  reticulum  cell  sarcoma  had 
involvement  of  many  areas  of  the  jejimum  with  several  deeply  ulcerated  lesions 
and  multiple  fistulous  conmiunications. 

Perforation  was  p()ssil)ly  present  in  a  case  of  Hodgkin's  disease,  in  which  several 
hundred  cc.  of  turbid  fluid  containing  lymphocytes  was  found  free  in  the  peri- 
toneal cavity  at  autopsy.  The  entire  small  intestine  was  infiltrated  segmentally 
in  all  its  layers  by  granulomatous  Hodgkin's  disease.  Although  several  areas  were 
deeply  ulcerated;  no  perforation  was  seen. 

Despite  the  fact  that  four  authors  (32,  46,  49,  50)  have  found  perforation  of 
small  intestinal  lymphomas  in  18  to  47  per  cent  of  their  series,  the  frequency 
of  the  complication  does  not  seem  to  be  appreciated.  It  is  hoped  that  our  detailed 
discussion  of  six,  or  perhaps  .seven,  cases  of  perforation  out  of  19  cases  will  help 
heighten  general  awareness  of  this  problem. 

5.  Clinical  Diagnosis 

Clearly,  lack  of  familiarity  with  perforation  of  lymphomas  contributed  to  the 
low  rate  of  accuracy  in  the  pre-operative  or  ante  mortem  diagnosis  of  this  group. 
These  clinical  impressions  are  listed  in  Table  V.  The  two  patients  who  were  known 
to  have  had  lymphoma  previously  were  both  diagnosed  correctly.  Aside  from 
failure  to  consider  lymphoma  with  perforation,  the  principal  cause  of  diagnostic 
error  was  inadecjuate  x-ray  examination.  Table  ^T  indicates  how  often  and  how 
successfully  x-ray  examinations  were  used  in  the  group. 

Xo  x-ray  studies  at  all  were  made  on  four  patients.  The  small  bowel  series 
was  rewarding  on  all  11  patients  on  whom  it  was  done.  Indeed,  in  five  of  the  11, 
the  correct  diagnosis  was  made.  In  only  one  other  case  was  the  correct  diagnosis 
made  (Table  Y).  Two  barium  enema  studies  showed  an  abnormality  which  was 
not  diagnostic.  One  demonstrated  an  ileo-colic  intussusception  and  the  other 
revealed  a  soft  tissue  mass  producing  extrinsic  pressure  on  the  colon.  The  diffi- 
culties of  di.stinguishing  lymphoma  from  carcinoma  by  x-ray  are  discussed  by 
Swenson  (51)  and  others  (3,  5,  7,  8,  31,  34). 
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TABLE  V 

Pre-operatiie  or  Ante  Mortem  Diagnosis  in  19  Cases  of  Small  Intestine  Lymphoma 

Correct  diagnosis  

No  clinical  impression  specified  

Sprue  syndrome,  possible  tubercu- 
lous enteritis  

Tuberculous  enteritis  and  peri- 
tonitis   

Peritonitis,  cause  unknown  

Acute  appendicitis  

Acute  appendicitis  with  perfora- 
tion   


6* 

Carcinoma  of  colon  

n 

2 

Carcinoma  of  colon  with  per- 

foration   

It 

It 

Carcinoma  of  stomach  

1 

Large  bowel  obstruction,  cause 

It 

unknown   

1 

It 

Small  bowel  obstruction,  cause 

1 

unknown  

u 

Regional  ileitis  

1 

It 

*  Two  cases  of  definite  perforation. 

t  Case  of  definite  or  possible  perforation. 

t  Case  of  intussusception. 


TABLE  VI 

Results  of  X-ray  Examinations  on  15  Cases  of  Lymphoma 


Type  of  study 

No.  of  cases 

Abnormality  seen 

Diagnosis  made 

G.I.  series  

2 

Small  bowel  series  

11 

6 

5 

Barium  enema  

2 

2 

Total  

15 

8 

5 

6.  Results  of  Treatment 

Of  the  16  patients  who  underwent  surgerj',  nine  had  multiple  lesions  or 
metastases  at  the  time  of  operation.  Three  of  the  16  died  shortly  after  the  op>er- 
ation;  another  died  within  four  months.  Seven  of  the  12  remaining  patients  are 
known  to  have  lived  at  least  one  year  after  operation.  The  available  information 
is  summarized  in  Table  VII. 

Two  patients  with  involved  nodes  at  the  time  of  operation  lived  six  and  eight 
3'ears.  Both  were  given  post -operative  radiotherapy.  The  former  died  of  bron- 
chogenic carcinoma  and  the  latter  died  of  leukemia.  Xone  of  the  other  five  pa- 
tients had  evidence  of  metastases  and  all  are  known  to  have  lived  one  to  six 
years.  Three  out  of  fi\-e  patients  with  resectable  lesions  reported  by  Irvine  and 
Johnstone  (50)  lived  five  to  seven  years.  Eleven  of  the  25  patients  in  Burman 
and  van  Wyk's  series  (32)  survived  four  years  or  more  and  three  were  li\-ing  five 
years  after  the  first  .symptom.  Marcuse  and  Stout  (.33)  found  23  cases  out  of  a 
literature  of  179  cases  of  small  intestine  Ij-mphosarcoma  who  survived  five 
years  or  more.  Eighteen  of  these  were  treated  with  resection  alone.  Three  were 
treated  with  resection  and  radiotherapy  and  two  with  radiotherapy  alone.  Six 
of  the.se  were  reported  to  have  had  mesenteric  node  involvement  at  the  time  of 
operation.  One  patient  with  involved  nodes  lived  more  than  eight  years.  Three 
out  of  33  patients  in  the  Mayo  Clinic  series  (31)  lived  at  least  five  years. 
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TABLE  VII 


Fate  of  Seven  Patients  with  Small  Bowel  Lymphoma  Who  Lived  More  than  One  Year 


Case 

Metastases  at  time  of 
operation 

Post-operative  Radiotherapy 

Known  Survival 

1 

yes 

yes 

8  years 

2 

no 

yes 

5  years  or  more 

3 

no 

no 

5  years  or  more 

4 

yes 

yes 

5  years  or  more 

5 

no 

no 

5  years  or  more 

6 

no 

no 

3  years  or  more 

7 

no 

no 

3  years  or  more 

In  an  earlier  paper,  Stout  (52)  held  that  the  disease  is  particularly  malignant  in 
children  but  now  he  and  others  have  reported  a  few  apparent  cures.  Usher  and 
Dixon  (35)  studied  50  cases  of  lymphosarcoma  of  the  entire  intestine  and  found 
that  patients  with  cecal  lesions  had  me^aii^urdval  of  eight  years  whereas  pa^ 
tients  with  small  intestine  lesions  had  a  mean  survival  of  nine  months. 

If  one  removes  the  seven  patients  with  definite  or  possible  perforation  from 
our  series,  the  outlook  appears  far  more  optimistic.  Of  the  remaining  12  patients, 
one  died  without  operation.  Seven  of  the  11  surgical  patients  who  had  no  per- 
foration are  known  to  have  lived  three  to  eight  years.  One  other  patient  died 
within  24  hours  of  the  operation,  and  no  follow-up  information  is  available  on  the 
other  three. 

S.\RCOM.\ 

Seventeen  cases  of  various  sarcomas  have  been  grouped  together,  perhaps 
artificially,  for  consideration  as  a  unit.  We  believe  these  tumors  constitute  a 
single  diagnostic  and  therapeutic  problem.  There  is  an  abundant  literature  of 
case  reports  and  reviews  of  tumors  of  each  histological  type  but  it  is  more  useful 
to  stress  similarities  than  differences.  The  collection  of  information  along  strict 
histologic  lines  has  unfortunately  emphasized  the  rarity  of  these  tumors  and  may 
well  have  contributed  to  a  diagnostic  accuracy  rate  lower  than  that  for  the  other 
malignant  tumors. 

These  17  cases  comprise  about  30  per  cent  of  the  malignant  tumors  in  the 
series  As  one  would  expect,  it  is  difficult  to  compare  this  incidence  with  previous 
experience  becau.se  of  the  prevailing  custom  of  reporting  small  bowel  tumors  by 
cell  type  or  region.  Our  figure  of  30  per  cent  of  malignant  tumors  is  certainly 
higher  than  in  almo.st  any  other  similar  series  and  is  about  twice  as  high  as  in 
some  (5,  6,  14).  A  partial  explanation  for  this  is  the  relatively  low  percentage  of 
carcinomas  in  the  total  .series  of  malignant  tumors  as  compared  with  other 
series. 

Of  the  17  cases  of  sarcoma  other  than  lymphoma  in  our  series,  ten  were 
leiomyosarcomas,  three  were  neurofibrosarcomas,  three  were  melano.sarcomas, 
and  one  was  a  fibrosarcoma  (Table  VIII).  The  age  range  of  the  group  was  33  to 
73  with  a  mean  of  50  years.  There  were  ten  males  and  .se\-en  females.  Seven  tumors 
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TABLE  VIII 


Type  and  Location  of  Sarcoma  Other  than  Lymphoma 


Type 

Duodenum 

Jejunum 

Ileiun 

Xot  specified 

Total 

Leiomvosarcoma  

4 

5 

I 

10 

Neurofibrosarcoma  

1 

2 

3 

Fibrosarcoma  

1 

1 

Melanosarcoma  

2 

1 

3 

Total  

0 

7 

7 

3 

17 

were  located  in  the  jejunum,  seven  in  the  ileum,  and  three  were  unspecified  as  to 
site.  Sixteen  of  the  17  cases  were  found  at  operation,  one  incidentally.  The  17th 
was  an  incidental  finding  at  post  mortem.  One  of  the  15  symptomatic  patients 
later  died  and  was  examined  at  po.st  mortem. 

The  two  tumors  found  incidentally  were  not  small.  One  was  a  "'peach-size," 
pedunculated,  submucous  leiomj-osarcoma  in  a  patient  who  was  explored  for 
carcinoma  of  the  sigmoid  colon  with  hepatic  metastases.  The  other  was  an  8  x  10 
cm.  subserous  neurofibrosarcoma  of  the  jejunum  found  at  autopsy  in  a  patient 
who  died  of  pulmonary  embolism  and  had  a  negative  gastrointestinal  historj'. 

1 .  Leiom yosarcoma 

Xine  of  the  15  symptomatic  cases  were  leiomj^osarcomas.  This  tumor  is  gener- 
ally agreed  to  be  the  most  important  in  this  group.  Horsley  and  Means  (53) 
found  108  cases  of  small  intestinal  leiomyosarcoma  in  the  world  literature  as  of 
1955.  Starr  and  Dockerty  (54)  reported  41  leiomj'osarcomas  and  35  benign 
leiomyomas  from  the  surgical  pathologj'  files  of  the  Mayo  Clinic. 

The  following  studies  offer  a  comparison  of  the  regional  incidence  of  carcinoma 
and  leiomyosarcoma.  Kleinerman  et  al  (19),  as  noted  above,  reported  453  "ac- 
ceptable" cases  of  carcinoma  of  the  duodenum  in  1950,  while  Weinstein  and 
Roberts  (55)  found  only  27  cases  of  leioim'osarcoma  of  the  duodenum  up  to 
1953.  Our  entire  series  included  seven  carcinomas  and  no  .sarcomas  of  the  duo- 
denum. Ebert  et  al  (56)  found  12  carcinomas  and  three  leiomyosarcomas  of  the 
duodenum  in  the  autopsy  records  of  the  Boston  City  Hospital  over  50  years, 
^layo  (57)  reported  that  10.8  per  cent  of  108  surgical  cases  of  malignant  duodenal 
tumors  were  leiomyo.sarcomas  Marshall  and  Cherry  (58)  pro\'ide  an  extended 
discussion  of  gastrointestinal  smooth  muscle  tumors. 

2.  Melanosarcoma 

Melanosarcoma  also  deserves  special  mention.  With  our  three  cases,  the  total 
number  of  malignant  small  bowel  melanomas  recorded  in  the  world  literature  is 
brought  to  37.  These  three  cases  are  the  only  ones  in  the  entire  series  of  109 
cases  which  are  considered  prol)ably  or  definitely  metastatic  neoplasms.  They 
are  included  because  the  relation.ship  to  a  primary  malignant  melanoma  at  a 
distant  site  was  not  obvious  and  they  pre.sented  diagno.stic  and  therapeutic 
problems  similar  to  primary  small  bowel  tumors. 
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Olio  case  was  that  of  a  ")1 -year-old  iiiaii  who  liad  1)I()(h1-1oss  anemia  inter- 
mittently for  two  years.  A  small  bowel  seric^s  rex'ealed  a  local  deformity.  A  very 
larfje,  black  !)  x  l()  cm.  deeply  ulcerated  tumor  was  removed.  Many  lymph  nodes 
were  imoh  ed.  There  is  no  iiuMition  that  melanoma  was  known  to  exist  elsewhere 
either  at  the  time  or  in  the  i)a.st,  nor  is  there  any  follow-up  information. 

A  second  patient,  a  (w-year-old  man,  had  a  malij^nant  melanoma  removed 
from  his  foot  four  years  before  admission.  One  year  later  a  metastatic  mass  of 
nodes  in  his  groin  was  resected.  Fi\-e  days  before  achnission  he  de\-eloped  acute 
intestinal  ol)structioii.  On  operation,  a  7")  cm.  intussusception  of  the  jejunum 
was  found  led  by  a  broad-based  2.5  cm.  amelaiiotic,  slij>htly  ulcerated  lesion. 
There  is  no  note  of  ob.ser\'ed  metastases  and  again,  no  available  follow-up 
information. 

The  third  patient  was  a  42-year-old  man  who  had  a  melanoma  remo\  ed  from 
the  skin  of  his  back  five  years  prior  to  admission.  He  was  admitted  because  of 
severe  anemia  and  meleiia.  A  lesion  was  visualized  in  his  ileum  on  a  small  l)0wel 
x-ray  series.  The  con'cct  diagnosis  was  suspected  and,  on  operation,  an  ulcerated, 
fungating  tumor  encircling  the  bowel  was  found.  The  mass  measured  10  x  8  cm. 
and  severely  encroached  on  the  bowel  lumen.  Histologic  diagnosis  was  amelanotic 
melanoma.  Five  months  later  the  patient  was  seen  and  multiple  abdominal 
masses  were  noted.  Xo  further  information  is  known. 

Beiriie  (oD)  found  -V-^  cases  of  small  bowel  melanoma  in  the  world  literatvire 
and  added  one  of  his  own,  which  appeared  to  be  a  primaiy  lesion  of  the  small 
intestine.  Menne  and  Beeman  ((iO)  collected  eight  cases  in  which  no  primary 
locus  could  be  found.  Twenty-two  of  the  33  cases  reported  are  definitely  meta- 
static, as  are  two  of  our  three  cases.  Xo  final  statement  is  warranted  on  the  third. 
Willis  (01),  among  others,  contends  that  malignant  melanoma  is  never  primary 
in  the  small  intestine. 

3.  Clinical  Features 

Of  the  15  symptomatic  cases  of  sarcoma,  the  presenting  .symptoms  were  those 
relating  to  anemia  in  six  cases,  abdominal  pain  in  seven,  and  a  palpable  mass  in 
two.  Because  of  the  rather  low  grade  of  malignancy,  symptoms  could  often  be 
traced  back  many  months  or  years.  One  patient  had  had  intermittent  tarry 
stools  for  more  than  se\-en  years  There  was  no  consistent  relation  between 
duration  of  symptoms  and  size  of  tumor,  its  location,  or  position  in  relation  to  the 
mucosa. 

In  addition  to  the  two  cases  which  presented  with  a  palpable  mass,  this  finding 
was  a  feature  of  .six  others,  or  more  than  half  of  the  symptomatic  cases.  By 
comparison,  a  mass  was  noted  in  only  four  of  the  14  symptomatic  carcinomas 
and  seven  of  the  19  lymphomas.  Meleiia  was  present  in  eight  ca.ses  and  was 
characteristically  of  long  duration,  much  longer  than  the  melena  described  in 
our  cases  of  carcinoma  and  lymphoma. 

Intussusception  was  a  feature  of  three  cases.  In  one  case,  the  tumor  was  an 
"apple-size,"  submucous,  ileal  fibrosarcoma — the  only  fibrosarcoma  in  our 
.series.  Another  was  a  case  of  melanoma  described  abo\-e.  The  third  was  7x5 
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cm.  pedunculated  leiomyosarcoma  of  the  terminal  ileum  which  intuasuscepted  as 
far  as  the  splenic  flexure.  The  diagnosis  was  made  by  barium  enema. 

Fe\'er  was  present  in  only  two  cases.  One  ca.se  had  a  large  inte.stinal  neuro- 
fibro.sarcoma  with  cystic  degeneration.  Its  irregularly  excavated  center  was 
continuous  with  an  ostium  lined  by  epithelium  resembling  intestinal  mucosa. 
The  second  patient  had  multiple  lymph  node  metastases  from  an  infiltrating 
leiomyosarcoma  of  the  jejunum. 

Clubbing  was  marked  in  one  33-year-old  woman  who  had  a  "tennis-ball"  .size 
leiomyo.sarcoma  of  the  ileum  attached  to  the  serosa  by  a  pedicle.  She  had  no 
other  cau.se  for  clubbing.  Peritonitis  was  present  in  one  patient  who  bled  into 
the  peritoneal  cavity  from  a  .sero.sal  leiomyosarcoma. 

The.se  clinical  characteristics  are  not  directly  comparable  to  prior  experience. 
Horsley  and  Means'  rexiew  (53)  of  leiomyo.sarcoma  alone  has  much  the  same 
distribution  as  our  group  of  various  sarcomas. 

4-  Clinical  and  X-ray  Diagnosis 

The  correct  diagno.sis  was  made  pre-operatively  in  only  two  of  the  15  sympto- 
matic cases.  The  tentative  diagno.ses  (Table  IX)  included  appendicitis,  peptic 
ulcer,  uterine  fibroids,  perforated  Meckel's  diverticulum,  and  urachal  tumor. 
Both  of  the  cases  diagno.sed  correctly  had  intussusception.  The  diagnosis  was 
made  clinically  without  x-ray  in  one  case,  and  by  barium  enema  in  the  other. 
Four  of  the  five  ca.ses  on  whom  small  bowel  .series  were  done  showed  some  ab- 
normality, but  the  diagnosis  of  .small  intestine  tumor  was  made  in  only  one 
(Table  X).  Four  cases  had  an  upper  gastrointestinal  series  only  and  no  ab- 
normality was  .seen.  Five  others  had  no  gastrointestinal  x-rays  at  aU. 

5.  Results  of  Trealment 

Xo  metastases  were  noted  in  the  two  cases  in  which  the  sarcoma  was  inci- 
dental. Six  of  the  remaining  15  had  metasta.ses  at  the  time  of  operation.  One 
other  had  no  metasta.ses  at  operation  but  was  re-explored  a  year  later  when  a 

TABLE  IX 


Pre-operalive  or  Ante  Mortem  Diagnosis  in  15  Symptomatic  Cases  oj  Small  Bowel  Sarcoma 


Correct 

2 

Gastrointestinal  bleeding,  site  unknown 

2 

Abdominal  mass,  cause  unknown 

2 

Acute  intestinal  obstruction,  cause  unknown 

Intussusception,  cause  unknown 

Lymphosarcoma 

Gastric  ulcer 

Duodenal  ulcer 

Uterine  fibroids 

Urachal  tumor 

Perforated  Meckel's  diverticulum 

Acute  appendicitis 
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TABLE  X 


Results  of  X-ray  Examinations  on  Ten  Cases  of  Small  Bowel  Sarcoma 


Type  of  study 

Xo.  of  cases 

Abnormality  seen 

Diagnosis  made 

G.I.  series  

4 

Small  bowel  series   

5 

3 

1 

Barium  enema .  .  ... 

1 

1 

Total   

10 

4 

1 

large  retroperitoneal  ma.S'^  was  found.  Some  information  is  available  on  the  fate 
of  four  of  the  eight  who  had  no  metastases.  These  patients  were  known  to  be 
living  two,  three,  five,  and  15  years  after  admission. 

BENIGN  TUMORS 

Forty  of  the  entire  series  of  109  cases  were  primary  benign  tumors  of  the  small 
intestine.  Carcinoids  which  behaved  like  benign  tumors  have  been  reserved  for 
consideration  in  a  separate  section.  Raiford  (62)  stated  that  8.9  per  cent  of  all 
gastrointestinal  neoplasms  were  benign  and  that  23.8  per  cent  of  these  were  in 
the  small  intestine.  The  experience  of  other  authors  (8,  14,  15,  63)  as  well  as  our 
own  indicates  that  about  one  benign  tumor  per  year  is  found  at  large  ho.spitals 
and  about  one  to  three  per  year  at  some  of  the  largest  medical  centers. 

A  definitive  review  of  benign  small  bowel  tumors  has  recently  been  prepared 
hy  River,  Silverstein  and  Tope  (64).  They  reviewed  1,399  cases  culled  from  the 
world  literature  and  compiled  a  massive  bibliography.  Although  we  believe  de- 
tailed information  of  each  histologic  type  has  limited  clinical  utility,  the  inter- 
ested student  is  directed  to  their  study.  Of  the  1,399  tumors,  72.4  per  cent  were 
found  at  operation,  whereas  50  per  cent  of  our  40  cases  were  found  at  operation 
(Table  I).  Three  of  these  20  surgical  cases  were  incidental  findings,  while  17  of  the 
20  cases  examined  at  post  mortem  were  incidental  findings.  The  types  and  lo- 
cation of  the  40  tumors  are  charted  in  Table  XI. 

1.  Incidence  of  Tumor  Types 

The  most  numerous  group  in  the  collection  of  River  et  al  (64)  consisted  of 
adenomas,  polyps,  and  polyposis  (Peutz-Jeghers  syndrome)  which  together 
numbered  456.  Unfortunately,  River  et  al  do  not  specify  how  many  of  the  170 
poh'ps  were  truly  adenomatous  nor  what  distinguishes  intraluminal  adenomas 
(209  cases)  from  polyps.  Fifty-nine  cases  had  polyposis  associated  with  pigment 
deposition  as  described  by  Jeghers  et  al  (65).  We  found  six  adenomas  and  all 
were  reported  as  "adenomatous  polyps."  Two  of  the  six  cases  had  multiple 
polyps  \\nthout  abnormal  pigmentation. 

Lipomas,  myomas,  and  fibromas  followed  in  descending  order  of  frecfuency  in 
River's  series  (64)  with  219,  179,  and  163  cases  respectively.  We  found  12  lipomas, 
12  leiomyomas,  and  only  one  fibroma.  The  remainder  of  our  series  contains  four 
neurofibromas,  three  hemangiomas,  one  lymphangioma,  and  one  cystadenoma  of 


18 


JAMES  S.  BERNSTEIN  AND  WOO  YOON  CHEY 


TABLE  XI 


Type  and  Location  of  Jfi  Benign  Small  Bowel  Tumors 


'  lype 

No 

Duo- 
denum 

Loca 

Je- 
junum 

Ileum 

&f  ultiple 

Symp- 
tomatic 

Leiomyoma  

12 

2 

7 

3 

8 

4 

Lipoma  

12 

2 

6 

3 

1 

4 

8 

Adenomatous  polj'p  

6 

1 

1 

2 

2 

3 

3 

Neurofibroma  

4 

1 

1 

2 

2 

2 

Hemangioma  

3 

1 

2 

1 

2 

Lymphangioma  

1 

1 

1 

Fibroma  

1 

1 

1 

C3'stadenoma  of  pancreatic  rest.  .  . 

1 

1 

1 

Total  

40 

5 

18 

10 

7 

20 

20 

a  pancreatic  rest.  River  et  ai  collected  90  "neurogenic  tumors,"  127  angiomas 
and  hemangiomas,  and  18  Ijmiphangiomas.  Tumors  of  aberrant  tissue  were 
excluded.  They  also  found  147  cases  of  ten  other  tumor  tj^pes  not  represented  in 
our  series. 

Before  continuing  with  general  considerations,  a  brief  discussion  of  some  of 
the  tumor  types  is  indicated.  Eight  of  the  12  leiomyomas  comprised  40  per  cent 
of  the  20  symptomatic  cases  in  the  group.  This  important  type  has  been  the 
subject  of  special  interest  (57,  58),.  Xone  of  the  eight  symptomatic  cases  exhibited 
a  symptom  complex  suggesti\-e  of  peptic  ulcer  as  observed  by  Marshall  and 
Cherry  (58). 

Three  cases  of  vascular  tumors  were  found.  Two  of  these  cases  were  multiple, 
of  which  one  had  multiple  simple  hemangiomata  causing  intestinal  bleeding. 
The  other  had  multiple  cavernous  hemangiomata,  and  the  third  had  a  single 
small  serosal  hemangioma.  Henck  and  Li.sa  (66)  and  Gentrj'  et  al  (67)  have 
reviewed  the  literature.  River  et  al  (64)  outline  the  vascular  tumor  classifications 
of  Kaij.ser,  Hansen,  and  Gentry  et  al. 

A  cystadenoma  of  a  pancreatic  rest  of  the  jejunum  is  included  in  our  series 
because  it  was  clinically  and  surgically  indistinguishable  from  other  benign  tu- 
mors. Horsley  and  Keasbey  (68)  discuss  features  of  328  cases  of  aberrant  pan- 
creatic tissue.  Except  for  annular  pancreas,  these  ectopic  foci  are  almost  always  of 
little  clinical  significance.  They  occur  least  often  in  the  jejunum.  Cystadenoma- 
tous  change  of  these  rests  is  extremely  rare.  Such  a  lesion,  however,  was  found  in 
a  56-year-old  woman  who  sought  medical  attention  because  she  had  noticed  an 
abdominal  mass  for  nine  months  with  no  other  complaints.  On  operation,  an 
"orange-size"  (6x5x5  cm.)  multilocular  cystic  mass  was  found  beneath  the 
serosa  of  the  jejunum  extending  into  the  mesentery.  The  tumor  was  almost  com- 
pletely encapsulated  and  the  mucosa  and  muscularis  of  the  bowel  were  intact. 
Microscopic  examination  revealed  a  cystadenoma  arising  in  intramural  pan- 
creatic tissue. 
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2.  Loratiiin 

It  is  j^ouerally  Ix'liovod  that  honign  tumors,  like  malignant  tumors,  arise  most 
frequently  in  the  ileum  and  least  t'reciuently  in  the  duodenum.  Nearly  half  the 
cases  in  the  collection  of  Hi\er  et  al  (()4)  were  found  in  the  ileum.  Table  XI 
illustrates  that  a  plurality  of  our  l)eni<in  tumors  were  found  in  the  jejuiuuii  rather 
tliaii  the  ileum.  We  ha\'e  previously  noted  a  similar  distribution  of  malifi'iiant 
tumors. 

3.  A(ic  and  aScx 

The  age  range  of  the  whole  group  was  si.x  to  80  years  with  a  mean  of  ol. 
The  mean  age  of  the  20  symptomatic  ca.ses  was  46  years.  Two  patients  of  age 
six  had  multiple  polyps.  Another,  age  ten,  had  a  myoma  of  the  ileum  which  led 
an  ileo-colic  intus.susception.  Eighty-three  of  the  ca.ses  of  River  et  al  (04)  were 
le.ss  than  ten  years  of  age. 

There  were  18  males  and  22  females  in  our  series.  Ri\'er  et  al  noted  a  slight 
preponderance  of  men  to  women,  ()85  to  038. 

Clinical  Features 

.\nemia  was  the  presenting  problem  in  ten  of  the  20  symptomatic  cases.  Two 
patients  noticed  an  abdominal  mass  and  eight  patients  reported  pain  as  the 
cardinal  problem.  Five  of  these  eight  had  intussusception  with  at  least  partial 
intestinal  obstruction  caused  by  the  following  intraluminal  tumors:  two  myomas, 
one  lipoma,  one  neurofiliroma,  and  one  filiroma.  In  a  sixth  case,  partial  intestinal 
ol)struction  was  caused  l)v  a  4  x  .3  x  o  cm.  submucous  lipoma  of  the  terminal 
ileum. 

The  origin  of  pain  was  not  clear  in  the  other  two  patients.  One  had  an  ulcer- 
like syndrome  and  was  apparently  cured  (fi\'e-year  follow-up)  by  removal  of  a 
"pea-size"  duodenal  polyp  which  showed  no  evidence  of  ulceration.  The  other 
patient  had  no  characteristic  pain  pattern,  but  a  4  x  2  x  2  cm.  polyp  on  a  long 
pedicle  was  remox  ed  from  the  proximal  jejunum. 

]\Ielena  was  a  presenting  or  additional  feature  of  14  of  the  20  .symptomatic 
cases.  An  abdominal  ma.ss  was  palpable  in  three  ca.ses  other  than  the  two  men- 
tioned above. 

■5.  Clinical  and  X-ray  Diagnosis 

Only  three  of  the  20  symptomatic  cases  were  diagnosed  correctly  as  neoplasms 
of  the  small  bowel  before  operation  or  death  (Table  XII).  In  all  three  sj'mpto- 
matic  cases  examined  at  post  mortem,  pain  or  bleeding  or  both  had  been  noted. 
One  of  the.se  died  of  an  uiu-elated  condition  which  precluded  investigation.  The 
other  two  died  of  exsanguinating  hemorrhage.  One  was  the  patient  with  multiple 
.simple  hemangiomata  mentionetl  abo\  e.  The  second  was  a  72-year-old  man  who 
died  of  cardiac  failure  precipitated  by  massive  hemorrhage  fi'om  an  ulcerated 
polypoid  lipoma  of  the  jejunum. 

Intussusception  was  cori-ectly  diagno.sed  in  three  other  cases  but  the  underly- 
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TABLE  XII 

P re-operative  or  Ante  Mortem  Diagnosis  in  20  Symptomatic  Cases  of  Benign 

Small  Bowel  Tumor 


Correct 


Gastrointestinal  bleeding,  site  unknown  

Abdominal  mass,  cause  unknown  

Intussusception,  cause  unknown  

Intestinal  obstruction,  cause  unknown   

Diverticulitis  

Carcinoma  of  the  ce.eum  

Gastric  polj'p  

Symptoms  noted  but  no  gastrointestinal  diagnosis  entertained. 


TABLE  XIII 


Results  of  X-ray  Examinations  on  16  Cases  of  Benign  Small  Bowel  Tumor 


Type  of  study 

No.  of  cases 

Abnormality  seen 

Diagnosis  made 

G.I.  series  

9 

4 

3 

Small  bowel  series  

5 

Barium  enema  

2 

1 

1 

Total  

16 

5 

4 

ing  tumor  was  not  suspected.  Another  case  of  intussusception  was  incorrectly  di- 
agnosed by  barium  enema  as  carcinoma  of  the  cecum.  Two  cases  with  a  palpable 
mass  were  operated  on  without  x-ray  examination. 

Again,  the  low  level  of  diagnostic  accuracy  is  clearly  related  to  an  inadequate 
concern  for  the  possibility  of  small  bowel  tumor.  This  unawareness  is  illustrated 
by  the  results  of  x-ray  examinations  of  the  symptomatic  cases  (Table  XIII). 
Sixteen  had  gastrointestinal  x-ray  studies  of  which  nine  had  upper  G.I.  series 
only,  five  had  G.I.  and  small  bowel  series,  and  two  had  a  barium  enema  only. 
In  the  latter  two  cases,  both  with  ileo-colic  intussusceptions,  an  abnormality 
was  noted  and  the  diagnosis  of  small  bowel  tumor  was  made  in  one.  An  abnor- 
mality was  noted  in  four  of  the  cases  studied  by  upper  G.I.  series  and  a  correct 
diagnosis  suggested  in  three.  These  three  were  all  duodenal  lesions.  In  other 
words,  small  bowel  x-ray  examination  revealed  no  abnormality  in  the  fi\-e  cases 
studied.  But  it  is  more  significant  that  only  five  of  20  symptomatic  cases  were 
studied  by  the  simplest  type  of  small  bowel  examination. 

CARCINOID 

Tumors  of  the  argentaffine  cells  in  the  gastrointestinal  tract  are  of  growing 
clinical  interest  and  seem  to  be  recognized  with  increasing  frequency.  Only  237 
cases  of  carcinoids  of  the  small  intestine  had  been  reported  (69)  as  of  1939.  A 
report  (70)  in  1956  re\'iews  438  cases.  MacDonald  (71)  was  able  to  collect  356 
gastrointe.stinal  carcinoids  from  the  records  of  seven  Boston  hospitals.  Xinety- 
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nine  of  these  carcinoids  were  located  in  the  small  intestine.  Humphreys  (72) 
l)elieved  that  carcinoids  comprised  O.Ki  per  cent  of  gastrointestinal  tract  tumors 
hut  more  recently  estimates  (73)  have  risen  to  0.4  per  cent.  The  proportion  of 
th(>se  tumors  arising  in  the  appendix  has  varied  from  58  per  cent  to  75  per  cent 
to  90  per  cent  (71,  70,  74  ). 

In  addition  to  increased  recognition,  there  has  been  growing  interest  in  the 
emhrvological  origin  of  the  argentaffine  cell  and  the  malignant  potential  of 
argentaffine  tumors.  The  former  topic  has  been  discussed  well  elsewhere  (70,  71, 
75,  7()).  Although  30  years  ago  metastases  from  these  lesions  were  considered 
rare,  recent  emphasis  (71,  77,  78)  has  been  on  the  frequency  of  local  invasion  and 
lymph  node  involvement.  All  agree  that  the  distinction  between  benign  and  malig- 
nant lesions  is  histologically  difficult  or  impossible.  With  this  problem  in  mind, 
MacDonald  (71 )  has  chosen  to  avoid  the  designations  "benign"  and  "malignant" 
and  has  graded  his  tumors  on  a  four-degree  scale  of  invasi\-ene.ss.  For  the  practical 
purpose  of  this  paper,  with  its  clinical  orientation,  we  have  included  the  non- 
metastasizing  lesions  with  the  benign  group  and  the  metastasizing  lesions  with 
the  malignant.  Although  the  pathological  validity  of  this  .separation  may  be 
challenged  we  believe  it  is  u.seful. 

The  final  impetus  to  the  study  of  carcinoids  has  been  the  description  of  the 
so-called  carcinoid  syndrome  with  its  important  physiologic  implications  (70,  79, 
80,  81).  We  did  not  find  one  example  of  this  syndrome,  w^hereas  MacDonald  (71) 
found  four  examples  out  of  24  extra-appendiceal  carcinoids  with  hepatic 
metastases. 

Eighteen  carcinoid  tumors  of  the  small  intestine  were  found  during  the  re- 
porting period.  The  group  represents  16  per  cent  of  our  entire  series  of  small 
bowel  tumors.  Dockerty  et  al  (82)  have  stated  that  carcinoids  account  for  23 
per  cent  of  small  bowel  tumors.  As  Table  XIV  shows,  the  most  striking  feature 
of  the  group  was  its  low  proportion  of  clinically  significant  lesions.  Only  six  of 
the  18  tumors  were  symptomatic.  Fi\'e  of  the  18  were  found  at  operation  and  one 
of  these  was  incidental.  Thirteen  cases  had  no  metastases  and  were  considered 
benign.  Eleven  of  these  13  were  found  incidentally,  ten  at  post  mortem  and  one 
at  operation.  Five  tumors  had  metastasized  and  one  of  these  was  an  entirely  inci- 
dental finding.  Diffenbaugh  and  Ander.son  (70)  state  that  34.2  per  cent  of  small 
bowel  carcinoids  metastasize,  whereas  only  3.5  per  cent  of  appendiceal  carcinoids 
metastasize.  MacDonald  (71)  classified  30  of  his  99  small  bowel  lesions  in  the 


T.\BLE  XIV 

Distribution  of  Eighteen  Carcinoid  Tumors  of  the  Small  Intestine 


Found  at  operation 

Found  at  post  mortem 

Total 

Sympt. 

Incid. 

Sympt. 

Incid. 

Sympt. 

Incid. 

No  metastases  ("benign") . . 

1 

1 

1 

10 

2 

11 

Meta.stases  ("malignant")... 

3 

1 

1 

4 

1 

Total  

4 

1 

2 

11 

6 

12 
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third  or  fourth  degree  of  invasiveness,  meaning  that  the}-  involved  local  l\-mph 
nodes  or  had  metastasized  \\ddely.  He  did  not  find  one  case  \\-ith  metastases  out 
of  204  appendiceal  carcinoids. 

1.  Location 

Sixteen  of  the  18  arose  primarily  in  the  ileum  and  two  in  the  jejunum.  Mac- 
Donald's  collection  (71)  included  74  tumors  of  the  ileum,  17  in  the  jejunum  and 
eight  in  the  duodenum.  He  also  noted  that  10  per  cent  of  the  149  extra-ap- 
pendiceal  tumors  arose  from  multiple  foci.  This  was  true  in  five  of  the  18  in  our 
series. 

2.  Age  and  Sex 

The  age  range  was  27  to  76  j-ears  with  a  mean  of  60.  The  average  age  of  the 
five  s3'mptomatic  cases  was  56  years.  Most  of  the  cases  in  the  literature  are  of 
incidental  tumors  found  in  older  people  at  post  mortem  examination.  A  ca.se 
has  been  seen,  however,  in  an  infant  ten  days  old  (70  ).  Ten  of  the  patients  were 
males  and  eight  were  females. 

3.  Clinical  Features 

Of  the  six  symptomatic  cases,  two  presented  abdominal  pain.  One  of  these 
was  a  27-j'ear-old  man  who  had  complained  of  intermittent  crampy  periumbilical 
pain  for  ten  years.  On  operation  a  small  intramural  carcinoid  which  had  caused 
partial  intestinal  obstruction  was  found  in  the  proximal  ileum.  Xo  meta.stases 
were  noted.  The  other  patient  was  a  66-year-old  woman  who  had  had  intermittent 
crampy  epigastric  pain  for  one  j^ear.  Tarry  .stools  had  been  noted  for  three 
months,  and  a  tender  ma.ss  was  felt  in  the  right  lower  quadrant  Operation  re- 
vealed a  ".sih  er-dollar"  size  mass,  arising  from  the  ileal  lip  of  the  ileo-cecal  valve, 
which  had  cau.sed  partial  intestinal  obstruction.  Local  lymph  nodes  were  involved. 
The  patient  died  of  a  "stroke"  three  years  later.  The.se  two  patients  were  the 
only  ones  in  whom  intestinal  obstruction  was  a  significant  feature.  Earlier  authors 
(83,  84)  have  e.stimated  that  17  per  cent  or  50  per  cent  of  small  bowel  carcinoids 
cau.se  obstruction. 

Bleeding  with  tany  stools  was  the  presenting  symptom  in  three  patients  and 
a  prominent  feature  in  another.  Thus  four  of  the  six  .sj-mptomatie  cases  had 
obx-ious  intestinal  bleeding.  It  is  claimed  C16)  that  ulceration  is  late  and  infre- 
quent in  carcinoid  tumors  and  bleeding  therefore,  infrequent.  The  sixth  sympto- 
matic patient,  a  54-year-old  man,  had  a  chief  complaint  of  diarrhea  for  20  j-ears. 
An  "irregular"  terminal  ileum  was  seen  on  x-ray  and  a  diagno.'sis  of  regional 
enteritis  made.  Operation  showed  eight  inches  of  terminal  ileum  diffusely  thick- 
ened and  constricted.  ^Multiple  mucosal  plaque-like  lesions  which  infiltrated  the 
.submucosa  and  muscularis  were  noted.  These  lesions  proved  to  be  carcinoids. 
The  tumor  had  spread  to  many  Ij-mph  nodes.  This  patient  was  kno\vn  to  be  alive 
ten  years  later. 

4.  Clinical  am!  X-raij  Diagnosis 

Xot  one  of  the  six  symptomatic  cases  was  diagnosed  correctly  as  a  small 
intestinal  neoplasm.  Bleeding  in  two  cases  was  attributed  to  varices  and  leukemia. 
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Two  cases  were  believed  to  he  carcinoma  of  the  cecum.  One  case  was  diagnosed 
as  regional  ileitis,  and  still  another  which  had  features  of  partial  obstruction  was 
diagnosed  as  acute  appendicitis. 

Only  two  of  the  .six  .symptomatic  cases  had  gastrointestinal  .\-ray  examinations. 
One  was  studied  by  barium  enema  and  was  interpreted  as  carcinoma  of  the 
cecum.  The  other  had  a  small  bowel  .s(>ries  and  was  interpreted  as  regional 
ileitis. 

5.  ResulLs  of  Treatment 

Little  information  on  the  notoriously  languid  course  of  malignant  carcinoids 
can  be  gained  from  these  cases.  Reviewers  often  cite  as  an  extreme  Mallory's 
case  (85),  in  which  a  patient  with  "inoperable"  metastatic  carcinoid  survived  20 
years.  The  coiuse  of  the  fi\  e  malignant  cases  will  be  reviewed. 

1)  A  70-year-old  man  with  known  lymphatic  leukemia  had  weakness,  anemia, 
and  tarry  stools  for  a  few  weeks  before  admission.  He  died  and  post  mortem 
examination  revealed  a  submucous  carcinoid  which  had  infiltrated  the  entire 
wall  of  the  small  bowel.  Mesenteric  nodes  and  the  peritoneal  surface  of  the  bladder 
were  in\  ol\  ed. 

2)  A  63-year-old  woman  died  of  pulmonary  edema  after  nephrectomy  for  an 
unrelated  complaint.  l"i\-e  years  pre\-iously  she  was  explored  for  "inoperable 
carcinoma"  of  the  cecum.  A  by-pass  procedure  around  the  cecum  was  done  but 
no  biopsy  taken.  At  post  mortem,  a  2  x  4  cm.  intraluminal  mass  covered  with 
apparently  intact  mucosa  was  seen.  Metasta.ses  were  demonstrated  in  the 
mesenteric  and  portal  nodes  and  the  li\'er.  There  was  invasion  of  the  superior 
mesenteric  and  portal  ^•eins.  This  is  our  only  case  with  hepatic  metastases. 

3)  A  2  X  O.o  cm.  submuco.sal  carcinoid  was  found  incidentally  at  autopsy  in  a 
65-year-old  man  who  died  of  thrombocytopenic  purpura.  Mesenteric  nodes 
showed  meta.static  carcinoid. 

4)  A  54-\-ear-old  man  with  a  20-year  history  of  diarrhea  is  known  to  have 
lived  at  least  ten  years  after  operation. 

5)  A  66-year-old  man  with  symptoms  of  partial  obstruction  for  one  year  died 
from  an  unrelated  cause  three  years  after  resection  of  the  le.sion  and  involved 
nodes. 

DISCUSSION 

The  correct  diagnosis  was  made  pre-operatively  or  ante  mortem  in  13  out  of 
52  symptomatic  cases  of  malignant  tumor,  and  in  3  out  of  22  symptomatic 
ca.ses  of  benign  tumor.  Over-all,  22  per  cent  of  the  74  symptomatic  cases  were 
correctly  diagnosed.  The  fact  that  the  58  remaining  symptomatic  cases  were 
given  26  different  diagno.ses  illu.strates  the  degree  to  which  small  bowel  tumors 
can  mimic  other  conditions.  It  should  be  re-emphasized  that  to  qualify  as  'cor- 
rect,' we  arbitrarily  decided  that  any  mention  of  small  bowel  neoplasm  was 
sufficient.  We  did  not  demand  the  correct  tumor  type  or  an  opinion  as  to  malig- 
nancy. 

The  principal  clinical  manifestations  of  the  74  symptomatic  cases  (Table  XV) 
were  abdominal  pain  in  36  (28  malignant  and  8  benign),  and  .sj-mptoms  related 
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TABLE  XV 

Presenting  Symptom  or  Clinical  Problem  in  74  Symptomatic  Small  Bowel  Tumors 


Symptom 


Abdominal  pain 
Anemia 
Palpable  mass 
Jaundice 

Epigastric  distress 

Diarrhea 

Fever 

Vomiting  without  pain 


Malignant 


28 
13 
3 
2 
2 
2 
1 
1 

52 


Benign 


8 
12 
2 
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TABLE  XVI 

Results  of  X-ray  Examinations  on  56  Small  Bowel  Tumors 


Type  of  study 

No.  of  cases 

Abnormality  seen 

Diagnosis  made 

24 

7 

4 

Small  bowel  series  

26 

11 

8 

Barium  enema  

6 

5 

1 

Total  

56 

23 

13 

to  anemia  in  25  (13  malignant  and  12  benign).  The  frequency  of  these  symptoms 
underUnes  a  cardinal  objective  of  this  study.  Unexplained  abdominal  pain,  par- 
ticularly if  associated  with  partial  intestinal  obstruction  and  unexplained  gastro- 
intestinal bleeding,  demands  investigation  for  tumors  of  the  small  bowel.  We 
have  noted  other  features,  however,  which  may  dominate  the  clinical  picture  in 
malignant  tumors  of  the  small  bowel.  Some  of  our  patients  have  presented 
jaundice,  diarrhea,  fever,  dyspepsia,  or  a  palpable  mass. 

Fifty-six  of  the  74  patients  with  symptoms  underwent  some  type  of  gastro- 
intestinal x-ray  study  (Table  X^T).  Twenty-four  had  an  upper  gastrointestinal 
series  only.  An  abnormality  was  noted  in  seven  and  the  correct  diagnosis  was 
made  in  four  others.  An  upper  gastrointestinal  .series  and  small  bowel  .series 
were  done  in  26  cases.  An  abnormality  was  found  in  11  and  the  correct  diagnosis 
was  suggested  in  eight  others.  In  five  cases  an  abnormality  was  noted  on  barium 
enema,  which  showed  either  extrinsic  defects  or  intussusception.  In  a  .sixth  case, 
the  correct  diagnosis  was  made  by  barium  enema.  X-ray  study,  then,  led  to  the 
correct  diagnosis  in  13  of  the  56  cases  and  was  u.seful  in  demonstrating  an  ab- 
normality in  23  more.  The  examinations  were  done  by  various  private  physicians 
and  hospital  radiology  departments  as  well  as  the  X-ray  Department  of  The 
Mount  Sinai  Hospital.  If  the  cases  are  analyzed  chronologically,  it  is  encouraging 
to  note  that  those  examined  in  the  last  ten  j^ears  show  an  accuracy  rate  signifi- 
cantly higher  than  the  64  per  cent  found  for  the  entire  series.  The  accuracy 
rates  of  other  series  ha\  e  been  mentioned  prex  ioush^  (4,  5,  6). 


SMALL  HOWKL  TI  MOHS 


25 


Sovoiity-foiir  symptomatic  tumors  of  the  small  howol  wore  found  at  The 
Mount  Sinai  Hospital  over  a  period  of  2")  years.  A  case  rate  of  three  per  year  is 
more  common  than  that  of  other  entities  which  the  clinician  considers  more 
fre(|uently  in  difficult  {gastrointestinal  diajinostic  problems. 

SUMMARY 

1)  The  clinical  behavior  of  10!)  small  howel  timiors  of  various  types  has  been 
analyzed. 

2)  The  special  problems  in  the  clinical  and  pathologic  diagnosis  of  primary 
carcinoma,  particularly  duodenal  carcinoma,  have  been  discussed. 

3)  Clinical  observations  in  this  series  have  been  compared  with  studies  of 
individual  cell  type  tumors. 

4)  An  important  and  unexpected  feature  of  this  study  has  been  the  .striking 
tendency  of  small  bowel  lymphomas  to  perforate.  Even  though  corroborated 
by  other  authors,  this  complication  has  been  inadecjuately  appreciated. 

o)  Three  cases  of  malignant  melanoma  of  the  small  intestine  have  been 
described,  which  augments  the  34  cases  pre\iousIy  reported  in  the  world 
literature. 

(i)  To  stimulate  awareness,  the  results  of  x-ray  examination  and  the  rate  of 
diagnostic  accuracy  have  been  emphasized.  The  accrual  rate  of  .symptomatic  ca-ses 
has  averaged  three  per  year  at  The  Mount  Sinai  Hospital. 
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IXTKODUCTIOX 

IiiHiKMiza  is  ail  okl  disoase.  It  is  said  to  have  been  introduced  and  spread 
t lirou^hout  Europe  by  the  Crusaders.  In  the  Middle  Ages  it  was  often  called 
the  "sweating  sickness"  (1).  In  the  \'A')2  epidemic  in  Scotland,  it  was  referred 
to  as  the  "newe  actiuayantance"  (2).  It  was  not  until  loSO  that  it  was  given 
its  present  name,  "influenza,"  by  the  Italians  who  thought  that  it  was  the  result 
of  a  "celestial  influence"  (1). 

Influenza  was  often  taken  lightly  and  this  is  reflected  in  various  popular 
names  that  have  been  used  such  as  "the  jolly  rant,"  "the  new  delight,"  "gallant's 
disease,"  and  "the  fashionable  illness"  (2).  Because  of  the  explosive  character 
of  its  onset,  it  has  also  often  been  the  cause  of  considerable  concern,  although 
perhaps  never  so  far  in  advance  of  an  outbreak  as  now,  thanks  to  our  modern 
connnunications,  world-wide  chain  of  influenza  "listening  post"  laboratories, 
and  the  many  who  recall  the  pandemic  of  1918. 

The  purpose  of  this  paper  is  to  review  some  of  what  is  now  known  and  what 
is  speculation  about  this  disease  so  that  we  may  approach  the  problems  inherent 
in  the  pre.sent  so  called  "Asian  flu  epidemic"  more  rationally. 

VIROLOGY 

It  is  less  than  25  years  since  influenza  has  been  proven  to  be  caused  by  a  virus. 
We  now  recognize  at  least  four  imnuniologically  di.stinct  types  of  influenza  virus 
and  many  subtypes  or  strains.  These  .strains  .show  a  progressive  shift  in  antigenic 
composition  away  from  the  parent  type.  This  is  especially  true  with  Type  A. 
In  Chart  I  are  summarized  the  pertinent  facts  (3-5). 

A  great  deal  of  our  present  knowledge  of  influenza  is  a  testimonial  to  a  readily 
available,  susceptible  laboratory  animal,  the  chick  embryo,  and  to  a  relatively 
simple  serological  test,  the  hemagglutination-inhibition  (H-I)  test  (6). 

A  diagnosis  of  influenza  can  only  be  confirmed  in  a  virology  laboratory.  This 
is  done  conclusively  by  recovery  of  the  virus  from  a  patient's  throat  washings 
and  the  demonstration  of  a  rise  in  titer  of  antiV)ody  to  this  virus  during  con- 
valescence. A  pre.sumpti\-e  diagno.sis  may  be  made  by  .just  demonstrating  a  rise 
in  antibody  titer  to  a  currently  epidemic  strain.  The  isolation  of  virus  is  carried 
out  most  frequently  in  the  amniotic  sacs  of  10-day-old  chick  embryos.  The  anti- 
body rise  is  demonstrated  most  conveniently  with  the  H-I  test  by  using  as 
antigens  currently  epidemic  strains.  This  is  illustrated  in  Chart  II  which  is  from 
a  study  of  an  influenza  A-prime  outbreak  at  The  Mount  Sinai  Hospital  in  1951. 
Sera  from  two  patients  were  te.sted  in  the  hemagglutination-inhibition  test 
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CHART  1 

The  Influenza  Viruses 
I.  Are  all  grouped  together  because  the\ — 

1.  have  same  clinical  syndrome 

2.  have  same  animal  pathogcnicitij 

3.  multiply  rapidly 

4.  are  good  antigens 

5.  agglutinate  and  elute  from  red  blood  cells 

6.  have  same  size  and  shape. 

II.  Are  separated  on  immunologic  basis  into — 

1.  Types  (on  basis  of  complement  fixing  antigens)  and  within  each  Type  into 

2.  Strains  (on  basis  of  more  or  less  sharing  of  antigens  best  shown  in  hemagglutina- 
tion-irihibition  tests). 

Thus: 

Type  A—i  sets  of  strains:  Swine  (1019-1929?) 

PR-8  (1933-1943) 
A-prime  (1946-1956) 
F.E.  (1957-) 

Type  B — 2  main  strains: 

Lee  (1940) 

Bon  (1943) 
Type  C— (1950) 
Type  Z)— Sendai  (1952) 

CHART  II 


Typical  Influenza  Serology  in  Outbreak  of  March  1951 


Virus 

PR-8 

FM-l 

Kununel 

Carr  3/7 

80* 

80 

20 

3/16 

80 

160 

20 

3/22 

80 

640** 

80 

Taylor  3/10 

160 

80 

40 

3/21 

80 

160 

160 

*  Reciprocal  of  highest  dilution  of  serum  giving  inhibition. 

**  Only  a  4-fold  or  greater  rise  in  titer  is  considered  significant. 


against  the  classical  A  (PR-8)  and  A-prime  (FM-1)  viruses,  and  the  Kummel 
virus  which  was  recovered  diu'ing  the  outbreak.  It  will  be  seen  that  if  only  the 
classical  strains  had  been  used  as  antigens,  the  diagnosis  could  not  have  been 
made  in  the  second  patient. 

As  has  ju.st  been  implied,  the  clinical  illness  .stimulates  the  rapid  production 
by  the  patient  of  specific  antibodies,  and  this  in  a  crude  way  parallels  his  im- 
munity to  that  strain.  We  know  that  after  a  few  years  this  immunity  will  wane, 
but  we  do  not  know  at  what  level  of  antibody  he  will  again  be  susceptible.  We 
do  know  that  this  varies  from  individual  to  indi\'idual.  Indeed,  as  might  have 
been  anticipated,  the  circulating  antibody  level  can  onlij  be  a  crude  measure  of 
resistance  to  a  virus  which  does  not  cau.se  a  \'iremia,  but  which  is  e.ssentially  a 
surface  infection — spreading  from  one  respiratory  epithelial  cell  to  the  ne.xt.  It 
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lias  been  suggested  by  Burnet  (7)  that  antibody  protection  is  important  in  influ- 
enza only  when  secondary  inflammatory  changes  are  produced  as  a  result  of 
primary  necrosis.  The  faster  the  spread,  the  more  \  ii'ul(Mit  the  virus,  the  less 
effective  the  antibody;  and  conversely  the  lower  the  \  iruleiico,  the  more  obvious 
the  effect  of  antil)ody. 

CLINICAL  PICTURE 

The  classical  clinical  description  of  influenza — abrupt  onset,  prostration, 
temperature  for  two  to  three  days,  headache  with  ocular  pain,  myalgia,  cough 
and  sore  throat — is  seen  in  only  about  one-half  of  all  patients  with  serologic  evi- 
dence of  this  infection.  Conversely,  many  patients  suspected  on  clinical  grounds 
as  having  influenza,  even  during  an  epidemic  period,  may  have  some  other  re- 
spiratory infection.  In  1948  and  1944  on  the  West  Coast,  we  studied  sera  from 
119  soldiers  diagnosed  clinically  as  having  influenza.  In  only  about  40  per  cent 
of  these  patients  could  we  demon.strate  a  rise  in  antibody  titer  for  influenza  (0). 

In  1948,  the  U.  S.  Army  Commission  on  Acute  Respiratory  Diseases  studied 
an  epidemic  of  influenza  Type  A  at  Fort  Bragg,  N.  C.  (8).  This  study  had  the 
benefit  of  the  most  modern  laboratory  technics.  The  influenza  epidemic  was 
followed  \-erv  closely  by  an  epidemic  of  acute  respiratory  disease  (A.R.D.) 
which  we  now  recognize  as  being  caused  by  an  adenovirus.  The  Commission 
compared  the  cumulative  frequency  of  a  variety  of  signs  and  symptoms  in  79 
proven  cases  of  influenza  A  with  113  cases  of  A.R.D.  It  was  found  that  constitu- 
tional symptoms  (feverishness,  chilliness,  malaise,  headache,  anorexia  and  weak- 
ness) and  signs  and  .symptoms  in\'olving  the  nose  occurred  more  frecjuently  in 
influenza,  while  sore  throat  and  hoarseness  were  more  frequent  in  A.R.D.  Cough 
occurred  with  about  equal  frequency  (70%)  in  both  syndromes.  Nevertheless, 
in  individual  in.stances  these  syndromes  may  be  indistinguishable  without  the 
aid  of  a  virology  laboratoiy. 

A  clinical  sign  which  may  be  of  value  in  infants  and  children  with  influenza 
is  a  bipha.sic  temperature  curv'e  (9).  This  is  rarely  .seen  in  adults. 

The  routine  laboratory  studies  in  patients  with  influenza  are  mostly  of  nega- 
tive value.  The  white  blood  cell  count  is  more  often  normal  than  leukopenic. 
However,  if  some  secondary  bacterial  infection  is  superimposed,  leukocytosis  is 
found.  Fortunately,  the  rate  of  secondary  infection  is  usually  low.  The  few  deaths 
that  ha\'e  been  reported  in  the  current  outbreak  appear  to  have  been  due  prin- 
cipally to  staphylococcal  and  .streptococcal  infection  of  the  lungs.  Because  of 
this,  when  a  decision  is  made  to  use  antibiotics,  erythromycin  has  been  recom- 
mended for  older  children  and  adults.  Because  of  the  additional  threat  of  H. 
influenza  infection  in  infants,  it  has  been  suggested  that  one  of  the  tetracyclines 
be  given  along  with  erythromycin  (10). 

KPIDEMIOLOGY 

The  epidemiology  of  influenza  has  been  so  characteristic  that  it  has  been 
possible  to  trace  this  disea.se  in  Europe  back  to  1510.  We  know  that  influenza 
has  a  one  to  two  day  incubation  peiiod,  that  effective  immunity  is  type  and  to 
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a  degree  strain  .specific,  and  that  it  is  of  relatively  short  duration.  This  would 
seem  to  make  understandable  why  epidemics  in  any  one  area  appear  to  be  ex- 
plosive, to  .spi-ead  rapidly  through  susceptibles,  to  be  o\'er  in  a  few  weeks  and 
to  recur  periodically.  Pandemics,  which  are  epidemics  over  a  wide  area,  are 
characterized  by  the  occurrence  of  secondary  or  even  tertiary  waves  of  disease. 
Epidemic  influenza  is  characterized  by  a  high  morbidity  rate  (between  10-30 
per  cent  of  a  population  may  be  infected  at  one  time)  and  a  low  mortality  rate. 

Because  of  the  difficulties  in  accurately  diagnosing  and  reporting  this  disease, 
statisticians  have  resorted  to  studying  the  excess  mortality  from  respiratory 
disease  in  any  one  year,  as  a  base  for  charting  epidemics  of  influenza  and  grading 
their  severity.  When  this  is  done,  as  in  a  recent  paper  on  influenza  in  the  United 
States  by  Collins  and  Lehman  (11),  one  can  clearly  see  the  multiple  waves  in 
the  pandemic  of  1918  and  1919  in  contrast  to  the  single  peaks  of  subsequent 
epidemics.  There  were  21  such  peaks  since  1919  with  major  ones  showing  an 
excess  annual  death  rate  of  at  least  200  per  100,000  in  1920,  1922,  1923,  1926, 
1929,  1932,  1937  and  1943.  When  the  etiology  of  epidemics  which  are  known  is 
added,  it  is  seen  that  A  epidemics  occurred  in  1932,  1935,  1937,  1939,  1941  and 
1943;  A-prime  epidemics  occurred  in  1947,  1950,  1951  and  1953;  and  B  epi- 
demics occurred  in  1936,  1940,  1945  and  1952.  Thus,  although  influenza  epi- 
demics occur  periodically,  this  periodicity  is  quite  irregular. 

All  the  factors  which  are  responsible  for  the  spread  of  influenza  are  not  known. 
In  the  1943  Fort  Bragg  study  (8)  it  was  shown  that  the  virus  of  influenza  could 
be  recovered  from  throat  washings  most  often  on  the  first  and  second  days  of 
illness  and  never  after  the  sixth  day.  It  was  also  found  in  that  study  that  many 
soldiers  apparently  had  subclinical  influenza,  since  they  showed  a  good  rise  in 
antibody  to  the  prevalent  virus.  Human  contact  and  routes  of  travel  have  been 
carefully  studied  without  adequately  accounting  for  the  frequent  simultaneous 
appearance  of  peaks  of  incidence  in  widely  separate  areas  of  the  world.  One  fre- 
fjuently  (juoted  hypothesis  is  that  there  is  first  a  widespread  seeding  of  the  virus 
without  too  many  clinical  cases,  and  that  the  sudden  appearance  of  an  epidemic 
reflects  the  introduction  of  some  second  factor  not  yet  understood;  perhaps 
having  to  do  with  climate  (12)  or  perhaps  "celestial  influence." 

The  a(;tual  immunity  from  an  attack  of  influenza  is  of  short  duration,  however 
serologic  evidence  of  it  usually  persists  for  life  and  provides  an  interesting  re- 
capitulation of  past  infections.  Thus  an  indi\'idual  dui-ing  his  life  time  may  be 
exposed  to  many  influenza  viruses,  yet  the  dominant  antibody  remains  that  of 
the  initial  infection.  This  has  been  called  the  "doctrine  of  original  antigenic  sin" 
(13).  For  example,  it  has  been  recently  shown  in  a  survey  of  sera  from  infants, 
children  and  adults  living  in  the  United  States  (14)  that  the  youngest  children 
had  highest  titers  to  A-prime  strains,  the  young  adults  had  their  highest  titers 
to  PR-8  like  Type  A  strains,  and  that  older  adults  had  a  broad  spectrum  of 
Type  A  antibodies  which  even  included  swine  influenza  (which  is  thought  to  be 
related  to  the  virus  of  1918).  In  Holland,  it  has  been  found  that  antibodies  to 
the  newly  recovered  F.E.  or  Asian  strains  could  be  detected  in  the  sera  of  people 
who  were  alive  during  the  pandemic  of  1890  (5). 
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What  has  just  boon  said  alxxit  the  opidoniiolosy  of  influenza  applies  at  the 
present  only  to  Types  A  and  B.  Types  C"  and  I)  outbreaks  have  not  yet  been 
sufliciently  studied,  indeed  they  would  seem  at  i)resent  to  be  usually  associated 
with  (Mideniic  lathei-  than  ei)idenii('  disease. 

I'uornvL AXIS  my  vatci nation 

The  appearance  of  specific  antibodies  and  immunity  following  an  attack  of 
influenza  early  prompted  in\'estif^ation  of  the  jjossibilities  of  vaccination  for 
prophylaxis.  At  the  present  time  it  is  clear  that  killed  influenza  virus  injected 
into  patients  will  also  stinnilate  the  production  of  specific  antibodies  and  some 
degree  of  immunity.  Ilowexer,  a  number  of  practical  difficulties  have  arisen. 
()n(>  is  unable  to  translate  the  actual  level  of  antibody  into  terms  of  degree  of 
immunity.  This  is  not  surprising  in  light  of  the  pathogenesis  of  influenza,  and 
the  unclear  role  of  circulating  antibody  in  a  cellular  disease  not  associated  with 
a  \'iremia.  However,  it  is  known  that,  in  a  general  way,  higher  levels  of  antibody 
are  associated  with  greater  degrees  of  immunity.  Higher  levels  of  antibody  result 
when  more  antigen  is  injected,  although  this  is  not  a  proportionate  increase — 
e.g.,  a  200-fold  increase  in  amount  of  antigen  may  lead  to  only  a  o-fold  increase 
in  antil)ody  level  (15).  Kvvw  given  the  same  amount  of  antigen,  all  strains  are 
not  e(iually  good  antigens.  There  is  a  practical  limit  to  the  amount  of  antigen 
that  can  be  given.  After  a  certain  point  there  is  a  sharp  rise  in  the  incidence  of 
systemic  reactions  with  even  small  increments  in  virus  (15).  These  reactions 
which  appear  six  to  eight  hours  after  the  giving  of  killed  vaccine  are  character- 
ized by  influenza-like  symptoms.  They  have  been  related  to  the  virus  particles 
them.-^elves,  and  not  to  an  impurity  in  the  vaccine.  This  type  of  reaction  occurs 
more  freciuently  in  younger  individuals.  The  reason  is  not  clear.  It  is  not  en- 
tirely neutralized  or  prevented  by  circulating  antibody  since  individuals  who 
have  had  such  reactions  to  first  injections  may  also  get  them  with  .subsecjuent 
ones,  tho  to  a  lesser  extent.  It  has  been  .suggested  that  these  reactions  may  be 
the  re.sult  of  .some  primary  pharmacologic  toxic  effect  of  the  virus,  or  a  .sensiti- 
zation to  the  protein  of  the  virus.  The  current  F.E.  or  A.sian  strains  are  .said  to 
have  e.specially  potent  toxic  properties  (Hi).  Although  we  do  not  know  the  cau.se, 
the  problem  of  these  severe  reactions  is  real.  The.se  reactions  may  occur  in  at 
least  ten  per  cent  of  individuals  inoculated  with  large  do.ses.  Conseciuently, 
limitations  have  to  be  placed  on  the  amount  of  vaccine  that  can  be  given  at  any 
one  time.  It  is  interesting  that  there  is  no  correlation  between  the  severity  of 
the.se  reactions  and  the  amount  of  antibody  produced. 

The  \-accine  is  made  from  egg-grown  \-irus  and  egg  .sensitivity  allergic  reac- 
tions ha\-e  been  reported.  The.se  take  place  almost  immediately  in  contra.st  to 
the  toxic  reactions.  They  are  le.ss  frequent  than  the  toxic  reactions  but  may  be 
terrifying  in  .severity.  Like  other  allergic  reactions,  they  may  occur  after  even 
very  .small  amounts  of  vaccine.  Since  the  vaccine  may  be  irritating  when  injected 
intradermally,  it  .should  not  be  u.sed  to  test  for  egg  sen.sitivity ;  the  egg  white 
.scratch  test  material  has  been  recommended  for  this  purpo.se  (17). 

The  optimal  amount  and  numl)er  of  injections  necessary  for  protection  is  not 
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3^et  known  although  it  is  under  studj'.  It  would  seem,  however,  that  if  the 
vaccine  contains  antigens  closely  related  to  those  with  which  the  individual  has 
had  some  previous  experience,  only  a  single  injection  would  he  sufficient  to  elicit 
an  amnestic  or  recall  response  and  a  high  antibody  level.  However,  if  it  is  a 
rather  different  antigen,  similar  to  the  F.E.  or  Asian  strains  to  which  serologic 
surveys  indicate  very  little  previous  experience  (except  perhaps  in  very  old 
people);  then  two  or  more  injections  would  seem  to  be  required  to  get  a  good 
antibody  response. 

The  best  route  of  inoculating  vaccine  would  seem  to  be  .subcutaneou.sly 
although  there  is  some  evidence  that  smaller  doses  given  intracutaneously  may 
be  effective  for  production  of  antibodies  (18). 

The  duration  of  effective  immunity  following  vaccination  with  saline  antigens 
such  as  we  are  now  using  is  also  not  known.  It  has  been  said  to  vary  from  four 
to  twelve  months.  In  the  1943-44  experience  with  vaccinating  college  students 
acro.ss  the  country,  the  lea.st  convincing  results  were  obtained  on  the  West 
Coast  where  the  vaccine  was  given  about  six  weeks  before  the  start  of  the  epi- 
demic. There,  four  per  cent  of  those  vaccinated  and  six  per  cent  of  the  controls 
developed  influenza  (19).  The  best  results  were  shown  when  the  vaccine  was  not 
given  until  after  the  epidemic  had  already  .started.  At  one  such  institution, 
only  1.7  per  cent  of  those  vaccinated  became  ill  in  contra.st  to  eight  per  cent  of 
the  controls  (20).  This  is  in  young  adults.  It  is  still  not  clear  as  to  whether  vac- 
cination in  infants  and  children  does  more  than  produce  an  antibody  re.spon.se. 
There  is  still  no  really  good  evidence  on  the  protective  effects  of  vaccination  in 
infants  and  children. 

Immunity  following  any  vaccination  reflects  the  antigenicit}'  of  the  strains 
used,  the  dosage  and  frequency  of  injections,  their  route,  and  the  individuals. 
It  is  consequently  very  difficult  to  project  from  past  experience  with  other 
similar,  but  not  identical  vaccines.  We  must  await  the  results  of  actual  field  trials 
with  the  current  influenza  vaccine  before  we  can  say  how  effective  it  is  or  for 
how  long. 
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NALORPHINE  IN  THE  TREATMENT  OF  MORPHINE-INDUCED 

BILIARY  COLIC 


MILTON  H.  ADELMAN,  M.D. 

AND 

ARTHUR  I.  ROSENTHAL,  M.D. 
New  York,  N.  Y. 

The  effects  of  therapeutic  doses  of  morphine  on  the  biUary  tract  ha\-e  l)een 
studied  and  described  in  detail  (1,  2).  In  brief,  morphine  produces  a  spasm  of 
the  choledochal  sphincter  with  a  resulting  rise  in  common  bile  duct  pressure. 
This  increased  intraductal  pressure  may  be  associated  with  symptoms  varying 
from  mild  epigastric  discomfort  to  acute  and  severe  biliary  coHc.  This  explains 
the  occasional  failure  of  morphine  to  relieve  the  pain  of  biliary  colic. 

Schapiro  and  Beal  (3)  studied  the  effect  of  nalorphine  (n-allylnormorphine) 
on  choledochal  sphincter  action  in  patients  who  had  choledochostomy  tubes. 
These  workers  demonstrated  that  nalorphine,  when  givTii  prior  to  morphine, 
prevents  the  rise  in  intraductal  pressure.  Also,  when  nalorphine  was  administered 
during  a  morphine-induced  rise  in  intraductal  pressure,  a  prompt  fall  in  common 
duct  pressure  resulted.  These  studies  suggested  to  us  that  nalorphine  might  be 
a  useful  agent  in  the  treatment  of  morphine-induced  biliary  colic.  The  following 
reports  illustrate  dramatically  the  therapeutic  value  of  nalorphine  in  such  cases: 

C.\SE  I 

A  33  year  old  woman  who  had  had  a  cholecystectomy  four  years  before  ad- 
mission, was  brought  to  the  operating  room  for  a  hemorrhoidectomy.  She  was 
given  morphine  sulfate,  15  mg.,  and  atropine  sulfate,  0.4  mg.,  30  minutes  prior 
to  her  arrival  on  the  operating  floor.  Shortly  after  her  arrival  on  the  floor,  the 
patient  experienced  very  severe  epigastric  pain  with  some  radiation  to  the 
substernal  region.  Her  pulse  and  blood  pressure  were  unchanged.  After  30 
minutes  of  constant  distress  she  was  given  5  mg.  of  nalorphine  intravenously. 
There  was  dramatic  and  complete  disappearance  of  pain  within  three  minutes. 
There  were  no  untoward  reactions  to  nalorphine.  A  hemorrhoidectomy  was  per- 
formed uneventfully  under  spinal  analgesia  and  the  patient  made  a  satisfactory 
recovery.  On  further  questioning,  the  patient  recalled  that,  prior  to  her  chole- 
cystectomy, morphine  gave  no  relief  in  her  episodes  of  biliary  colic  and  appeared, 
at  times,  to  aggravate  the  pain. 

C.\SE  II 

A  51  year  old  white  woman  was  brought  to  the  operating  floor  for  a  cholecys- 
tectomy with  the  diagnosis  of  chronic  cholecystitis  and  cholelithiasis.  Thirty 
minutes  earlier  she  had  received  morphine  sulfate,  10  mg.,  and  atropine  sulfate, 
0.4  mg.,  by  hypodermic  injection.  Shortly  after  her  arrival  on  the  operating 
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Hoor,  tlu'  patirnt  developed  severe  right  upper  (luadrant  pain  with  rathation  to 
the  hack,  nausea  and  retching.  The  patient  vohniteered  the  statement  that  she 
was  having  "a  gall  bladder  attack".  Ten  minutes  after  the  onset  of  pain,  nal- 
orphine, 10  mg.,  was  administered  intravenously.  Within  three  minutes  there 
was  dramatic  and  complete  cessation  of  pain,  nausea  and  notching;  there  were 
no  .side-effects  to  the  drug.  A  cholecystectomy  was  peifornied  under  cvcloino- 
pane-ether  anesthesia  without  incident. 

DISCl'SSIO.V 

A  variety  of  drugs  have  been  employed  in  the  treatment  of  narcotic-induced 
biliary  colic.  The.se  include  anticholinergic  agents,  synthetic  antispasmodics, 
ganglion  blocking  drugs  and  smooth  mu.scle  relaxants. 

Anticholinergic  agents,  as  atropine  and  methantheline  (Banthine"),  have  been 
shown  to  have  little  effect  on  the  choledochal  si)hincter.  Also,  synthetic  anti- 
spasmodics (.syntropan,  pavatrine)  and  ganglion  blocking  agents  (tetraethyl- 
ammonium)  are  ineffective  (-1). 

Smooth  muscle  relaxants,  such  as  amyl  nitrite,  glyceryl  trinitrate  and  theophyl- 
line, have  been  found  to  be  effective  (5).  However,  these  drugs  may  have  certain 
undesired  side  effects,  such  as  \-ertigo,  headache,  hypotension,  nausea  and  eme- 
sis  (6). 

Although  nalorphine  was  introduced  as  a  specific  narcotic  antagonist  with 
emphasis  on  its  respiratory  effects,  it  has  been  shown  to  prevent  or  counteract 
morphine  side  effects  as  vasomotor  depression  and  inte.stinal  and  biliary  spasm. 
It  appears  to  be  the  agent  of  choice  in  the  treatment  of  narcotic-induced  biliary 
colic.  The  experimental  studies  of  Schapiro  and  Beal  and  the  cases  herein  re- 
ported support  this  contention. 

REFERENCES 

1.  Bi  Tsfii,  W.  L.,  McGow.w,  J.  M..  axu  Walter.s,  W.  W.:  Clinical  Studies  on  the  Influence 

of  Certain  Drug.s  in  Relation  to  Biliary  Pain  and  to  the  Variation  in  Intrahiliary 
Pressure.  Surg.,  Gynec.  and  Obst.,  63:  451,  1936. 

2.  Gae.nster,  E.  a.,  McGowax,  J.  M.,  a.vd  Henderson,  10.  E.:  A  C'omjjarative  Study  of 

the  .\ction  of  Demerol  and  Opiinn  Alkaloids  in  Relation  to  Biliary  Spasm.  Sur- 
gery, 23:  211,.  194S. 

3.  Schapiro,  H.,  and  Beal,  J.  M.:  The  Effect  of  X-Allyln<)rmor])hiiic  on  the  Choledochal 

Sjjhincter.  Surgery,  34  :  870,  11).54. 

4.  Ci  RRERi,  X.  H.,  .\ND  Gale,  J.  W.:  Effect  of  Analgesics  and  Antis]jasmodics  on  Common 

Bile  Duct  Pressures.  Ann.  Surg.,  132:  348,  1950. 

5.  Smith,  J.  L.,  Walters,  R.  L.,  and  Beal,  J.  M.:  A  Study  of  the  Choledochal  Sphincter, 

Gastroenterology,  20:  129,  1952. 

6.  GooDMA.N,  L.  S.,  AND  GiLMAN,  \.:  The  Pharmacological  Basis  of  Therapeutics.  New 

York,  MacMillan,  1955  pp.  349,  737. 


AURAL  CHOLESTIOATOMA:  PARTICULAR  REFERENCE  TO 
PATIIOCENEHIS  AND  TREATMENT 


JOSEPH  G.  DRUSS,  M.l). 
New  York,  N.Y. 

Cholestoatoinata  of  the  middle  ear  and  the  mastoid  have  hiwn  known  for 
over  a  hundred  years  and  much  has  been  observed  and  written  on  this  subject. 
However,  their  characteristics  are  often  misunderstood  and  the  theories  of  their 
origin  are  still  (confusing  and  contradictory.  The  term  cholesteatoma,  as  it  is 
(•ommonly  applied  to  the  ear,  is  in  reality  a  misnomer,  for  it  implies  neopla.sm. 
The  English  have  recently  suggested  that  i\w  name  cholesteato-sis  be  used  for 
this  condition. 

The  term  cholesteatoma  was  applied  by  .Johainies  Muller  over  a  century  ago 
(in  1838)  and  Virchow  in  1855  (1)  assumed  its  origin  to  be  the  same  as  choles- 
teatoma of  the  brain.  Toynbee,  on  the  other  hand  (2)  stated  in  1860  that  "these 
lesions"  probably  originated  in  the  external  auditory  canal.  It  was  not  until 
1880  that  Bezold  and  Siebenmami  (3)  first  considered  them  to  be  a  product  of 
inflammation  and  not  a  true  neoplasm. 

Histologically,  a  cholesteatoma  can  be  described  as  a  mass  of  tissue  consisting 
of  concentrically  arranged  polygonal  lamellas,  and  of  epidermal  cells  and  cho- 
lesterin  crystals.  The  entire  mass  is  surrounded  by  a  m(;mbrane,  a  matrix,  which 
is  composed  of  an  outer  layer  of  (H)iniective  tissue  and  an  inner  layer  of  stratified 
squamous  epithelium. 

Histogenesis — A  sharp  distincttion  must  be  made  between  two  types  of  cho- 
lesteatoma. The  first  type  develops  on  the  basis  of  a  necrotic  otitis  media  and 
is  usually  associated  with  the  acute  exanthemeta  such  as  scarlet  fever  and 
measles  or  with  tuberculosis.  This  type  is  not  seen  nearly  so  frecjuently  at  present 
as  it  was  prior  to  the  advent  of  the  antibioti(;s.  The  se(;ond  type,  encountered 
more  often,  is  the  one  usually  associated  with  tiny  perforations  in  Shrapnell's 
membrane  or  in  the  superoposterior  margin  of  the  drum.  This  type  seems  to 
have  been  less  influeucted  by  the  antibiotic-s,  since  infection  is  not  an  immediate 
factor  in  its  etiology. 

In  the/tr.s<  </ype,  that  associated  with  necrotic  otitis,  it  has  been  observed  that 
the  drum  usually  has  been  previou.sly  destroyed  to  a  great  extent  and  a  large 
perforation  exists.  Instead  of  the  necrotic  mucosa  becoming  lined  by  the  adja- 
(•ent  healthy  epithelium  of  the  middle  ear  and  eustachian  tube,  as  takes  place 
in  the  usual  healing  process  of  middle  ear  infections,  very  early  in  the  disease 
there  is  evidence  of  a  strong  tendency  for  the  epidermal  layer  of  the  external 
canal  or  tympanic  membrane  to  grow  around  the  margins  of  the  perforation  and 
to  enter  the  tympanic;  cavity.  The  proliferating  epidermis  replaces  the  necrotic 
mucosa  and  ultimately  lines  the  cavity  (I'ig.  1).  It  has  been  maintained  by  some 
that  a  prerequisite  for  such  ati  ingrowth  is  the  presence  within  the  tympaiumi 
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Fic.  1.  Vertical  section  through  the  tympanum  showing  a  hirge  central  perforation  of 
the  tympanic  memlirane.  The  cholesteatomatous  matrix  has  grown  around  the  margin 
of  the  perforation  and  has  come  into  close  proximity  to  the  inner  t\nii)anic  wall.  C  repre- 
sents cholesteatoma;  E,  external  auditory  canal;  F,  facial  nerve;  M,  matrix  of  cholestea- 
toma; P,  perforation  of  tympanic  membrane;  Pr,  promontory;  V,  vestibule  and  I',  utricle. 

of  a  hypei"plastic  type  of  miico.sa,  .<ince  it  sefves  as  a  ^ood  .supporting  tissue  for 
the  advancing  epidermis.  I  do  not  entirely  agree  with  this  concept.  I  beheve 
that  the  epidermal  ingrowth  can  take  place  in  the  pre.seiice  of  any  type  of  a 
mucosa  providing  it  has  pre\  iously  undergone  necrotic  changes  (Fig.  2  A  &  B). 
It  is  doubtful  that  normal  healthy  mucous  membrane  can  be  replaced  by  epi- 
dermis. The  epidermis  continues  to  desfiuamate  as  it  in\'ades  the  middle  ear 
cavity.  The  accumulated  waste  products  act  as  irritants  to  the  mucous  mem- 
brane and  eventually  destroy'  it.  In  this  manner,  almost  the  entire  middle  ear 
and  mastoid  cavity  may  become  lined  by  epidermis.  This  in\  asi\  e  character  of 
the  epidermis  appears  to  be  so  strong  at  times  that  it  actually  di.splaces  the 
tympanic  membrane  inward  in  its  attempt  to  line  the  middle  ear  cavity  (Fig.  3). 
We  have  seen  instances  in  which  the  high  columnar  epitheliiuii  of  the  eustachian 
tube,  a  structure  well  known  to  offer  great  resistance  to  the  invading  epidermis, 
had  eventually  succumbed  to  it  (Fig.  4).  This  ingrowth  of  the  epidermal  layer, 
in  reality,  is  evidence  of  nature's  attempt  to  heal  a  chronically  infected  middle 
ear  b\'  providing  the  cavity  with  a  covering  that  is  more  protective  to  the  out- 
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Fig.  2A.  The  epidermis  can  be  seen  extending  into  the  tympanic  cavity  and  replacing 
the  diseased  mucosal  lining.  E  represents  epidermis;  M,  mucosa  and  P,  purulent  e.xudate. 
(Courtesy  Arch.  Otolaryng.,  Druss,  J.  G.,  April,  1933.) 


Fig.  2B.  The  epidermis  is  growing  around  the  margin  of  a  granulomatous  polyp  re- 
placing the  unhealthy  mucous  membrane  lining.  K  represents  epidermis;  and  mucous 
membrane.  (Courtesy  Arch.  Otolaryng.,  Druss,  J.  G.,  April,  1933.) 
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Fi(!.  3.  I)isi)lacpmpiit  of  the  tympanic  membrane  by  cholesteatoma.  The  lower  part  of 
tympanic  meml)raiie  has  l)ecome  bound  down  to  the  floor  of  the  t\  inpanuni  and  a  second- 
ary tympanic  meml)raue  has  been  formed  at  a  site  medial  to  tlie  oiiginal  one.  A  represents 
annuliis  of  tympanic  meml)rane;  !•].  external  auditory  canal;  T,  tymi)anic  membrane  and 
Ty,  tympanic  cavity.  (Courtesy  Arch.  ( )tolaryn  x.,  Druss,  J.  (!.,  Ai)iil,  I('33.) 


Fig.  4.  Section  through  the  cochlea  showing  cholesteatoma  in  the  eustachian  tube.  C 
represent.s  cochlea;  E,  eustachian  tube  with  cholesteatoma  and  T,  tensor  tympani  muscle. 
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side  elements  than  it  originally  had;  and  it  is  the  same  principle  that  is  utilized 
when  a  skin  flap  is  turned  in  during  a  radical  mastoidectomy.  Under  fav'orable 
conditions  after  the  epidermis  has  lined  the  middle  ear  cavity,  the  inflamed 
underlying  subepidermal  connective  tissue  begins  to  contract  down  and  healing 
takes  place.  However,  under  less  fa\'orable  conditions,  where  the  infection  per- 
sists, the  subepidermal  connective  tissue  with  its  rich  blood  supply  becomes 
activated  and  gradually  erodes  the  adjacent  bone  and  other  vital  .structures. 
At  the  same  time  the  epithelial  layer  continues  to  desquamate  and  to  produce 
the  typical  concentric  lamellas  of  the  cholesteatoma.  Occasionally,  on  histologic 
examination,  the  epidermal  tissue  itself  can  be  seen  to  proliferate  in  the  form 
of  fingerlike  projection.s  and  invade  the  underlying  structures.  ClinicalW,  the 
picture  obser\-ed  in  this  type  of  cholesteatoma  is  that  of  an  extensive  destruction 
of  the  tympanic  membrane  and  in  ad\'anced  cases  of  the  malleus  and  incus  as 


The  second  type  of  cholesteatoma,  that  associated  with  attic  or  marginal 
perforations,  is  poorly  understood  and  often  mismanaged.  It  has  been  stated 
that  cholesteatoma  is  associated  in  about  90%  of  the  cases  with  perforations  of 
this  kind. 

Three  main  theories  have  been  offered  to  explain  the  formation  of  this  type 
of  cholesteatoma: 

1.  The  primary  or  neoplastic  theory — The  cholesteatoma  arises  from  con- 
genitally  misplaced  epidermal  cells  in  the  attic  region  (sponsored  by  McKenzie) 


2.  The  metaplastic  theory — The  mucosal  epithelium  of  the  middle  ear  under 
the  influence  of  chronic  suppuration  undergoes  biologic  changes  and  takes  on 


Fig.  5.  Section  through  the  tympanum  .showing  presence  of  fibrous  tissue  in  the  attic. 
The  remnants  of  embryonal  tissue  are  not  infrequently  seen  at  this  site  in  the  adult  tem- 
poral bone.  A  represents  attic  with  fibrous  tissue  A';  E,  external  auditor}-  canal;  F,  the 
facial  nerve;  M,  the  malleus  with  short  process;  T,  tympanum  and  S,  .semicircular  canal, 
external . 


well. 


(4)  (Fig.  5). 
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Fig.  6.  Section  through  the  iiiitrum  showing  marked  invagination  inward  of  Shrapnell's 
portion  of  tympanie  membrane  at  S.  If  this  process  continues,  rupture  of  tympanic  mem- 
brane at  this  site  will  proljably  take  place.  CT  represents  chorda  tvmpani"  nerve;  E,  ex- 
ternal auditory  canal;  Ex.  external  semicircular  canal;  F,  Fallopian  canal;  I,  incus;  St, 
stapedeus  muscle;  anrl  T,  tympanic  membrane. 

the  fharacteri.sti('t>  of  sciuamoti.s  epitheluini.  The  descjuamatixe  inflammatory 
reaction  results  in  the  formation  of  a  cholesteatoma.  This  was  first  introduced 
by  Wendt  in  1873  (5). 

3.  The  ingrowth  or  migration  theory — The  epidermis  from  the  external  canal 
extends  into  the  attic  to  line  the  cavity  (Fig.  6).  Bezold  (3)  and  Politzer  (6)  et  al. 

Of  these  three  theories,  the  third  or  ingrowth  theory  received  greatest  accept- 
ance. 

In  a  paper,  "The  Role  Which  the  Epidermis  Plaj's  in  Suppurations  of  the 
Middle  Ear",  published  in  the  Archives  of  Otolaryngology  in  1933  (7),  I  pre- 
sented histologic  data  in  support  of  the  ingrowth  theory.  A  number  of  cases  were 
reported  therein  which  demonstrated  quite  clearly  the  process  of  sinking  in  of 
Shrapnell's  membrane  into  the  attic  or  Prussacks  space  as  the  possible  beginning 


44 


JOSEPH  G.  DRUSS 


or  forerunner  of  cholesteatoma  formation  in  this  region.  It  was  my  contention 
at  that  time  that  this  inward  dimphng  of  Shrapnell's  progressed  and  gradually 
continued  until  rupture  of  the  drum  membrane  finally  occurred.  The  cause  for 
this  peculiar  inpouching  of  Shrapnell's  could  not  be  determined  then  and  is  not 
definitely  known  now.  It  has  been  suggested  by  Bezold  (3)  and  later  by  Lederer 
(8),  Da  J'  (9)  and  others,  that  it  is  due  to  a  previous  sealing  off  of  the  eustachian 


Fig.  7.  Section  through  the  attic  showing  perforation  of  tympanic  membrane  at  A  with 
ingrowth  of  epidermis  and  chole.steatoma  formation.  C  represents  cholesteatoma;  E,  ex- 
ternal auditory  canal;  F,  facial  nerve;  I,  incus;  M,  malleus;  S,  semicircular  canal,  e.xternal; 
S',  semicircular  canal,  posterior  and  T,  tvmpanic  membrane.  (Courtesv  Arch.  Otolarj'ng., 
Druss,  J.  G.,  April.  1933.) 


Fig.  8.  A  well  developed  cholesteatoma  can  be  seen  in  the  antrum  at  A.  E  represents 
external  auditory  canal;  Ex,  external  semicircular  canal;  F.  facial  nerve;  P,  posterior 
semicircular  canal;  S,  superior  semicircular  canal;  T,  tympanic  cavity  with  perforation 
in  the  tympanic  membrane.  (Courtesy  Arch.  Otolaryng.  Dru.ss,  J.  G.,  April,  1933.) 
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tube  or  of  the  attic  from  the  middle  car  by  moans  of  travcrsiiifj;  fibrous  tissue 
bauds,  those  bands  lia\  iiij^  resulted  from  latent  inflammation  of  the  middle  ear 
in  the  past.  When  the  attic  is  thus  separated  from  the  middle  ear,  the  air  within 
the  attic  is  gradually  resorbod  and  is  rophiced  by  a  transudate.  The  no<^ative 
pressure  that  is  produced  within  th(>  attic  r(>sults  in  a  suckin<j;  in  of  the  thin 
Shrapnell's  membrane  just  abox  e  the  short  i)roc(>ss.  This  is  aided  by  the  fact  that 
Shrai)noirs  membrane  lacks  the  tlense  middle  connoctixo  tissue  layer  present  in 
the  pars  tensor  portion  of  the  tympanic  membrane.  This  cul  de  sac  or  pronounced 
retraction  in  Shrapnell's  area  is  not  infreciuently  seen  clinically  on  otological 
examination.  It  is  ob\  ious  that  as  the  negative  pressure  persists,  mpture  of  the 
drum  will  hnally  take  place.  The  epitympanic  cavity  becomes  .secondarily  in- 
fected and  begins  to  discharge.  The  epidermis  now  has  an  opportunity  to  grow 
in  around  the  margins  of  the  perforation,  replacing  the  inflamed  mucosa,  and 
to  line  the  cavity.  .V  typical  cholesteatoma  with  its  lining  matri.x  and  descjua- 
mating  epithelium  is  thus  formed  [Vig^^.  7  &  S).  The  cholesteatoma  may  gradu- 
ally increa.-<e  in  size,  occupy  the  entire  tympanic  and  mastoid  cavities  or  even 
invade  the  intracranial  contents,  destroying  in  its  path  the  preexisting  connec- 
tive tissue  bands  and  adjacent  bony  structures.  .VII  this  is  accomplished  in  a 
maimer  (juite  similar  to  that  pre\  iously  outlined  with  the  first  type  of  choles- 
teatoma (Fig.  !)). 

The  ingrowth  of  epidermis  is  not  always  preceded  by  the  formation  of  a  cul 
de  sac  in  Shrapnell's  membrane.  It  may  occui'  with  a  relatively  flat  Shrapnell's 


Fig.  9.  Section  through  tympanum  showinji  a  chole.steatoma  within,  dividing  into 
two  portions.  .\  dilTu.-<p  ])uniient  hil)yrinthitis  secondary  to  the  infection  can  he  seen.  C 
represents  cholesteatoma;  E,  external  auditory  canal,  F,  facial  nerve  and  L,  labyrinth, 
purulent  exudate  within. 
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membrane.  Here,  for  some  unknown  reason,  the  epidermal  layer  begins  to  pro- 
liferate and  gradualh'  infiltrates  the  subepidermal  tissue  as  a  solid  column  of 
cells  (Fig.  10). 

Of  course,  not  in  every  instance  of  chr<jnic  middle  ear  suppuration  with  a 
perforation  in  Shrapnell's,  does  the  epidermis  im  ade  the  epitympanum;  in  some 
cases,  the  epidermis  shows  no  tendency  whatever  to  act  in  this  manner  (Fig.  11). 
It  has  been  stated  in  the  literature  (8)  that  the  anatomic  prereciuisite  for  the 
inward  growth  of  the  epidermis  is  not  only  the  presence  of  a  hyperplastic  mucosa 
lining  the  epitympanic  cavity,  but  also  the  presence  of  a  restricted  pneumatiza- 
tion  of  the  temporal  bone.  In  my  opinion,  while  these  conditions  are  most  favor- 
able for  the  growth  of  cholesteatoma,  they  are  not  absolutely  essential.  Cho- 
lesteatomata  can  and  do  occur  in  pneumatized  temporal  bones  far  more  often 


Fig.  10.  The  epidermal  cells  lining  the  external  canal  and  tympanic  membrane  in  the 
region  of  Shrapnell's  are  proliferating  and  are  advancing  in  a  finger-like  projection  into 
the  attic  A.  E  represents  external  aviditory  canal;  Kx.  external  semicircular  canal;  F, 
facial  nerve;  I,  incus;  M,  malleus;  T,  tympanic  membrane. 


Fig.  11.  A  granuloma  G  arising  from  Shrapnell's  membrane.  Note  that  the  epidermis 
of  the  tympanic  membrane  does  not  line  the  granuloma.  C  represent.s  chorda  tympani 
nerve;  E,  external  auditory  canal;  M,  malleus  and  T,  tympanic  membrane. 
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Fi(i.  12.  The  {jfii'i'ilonia  G  has  almost  entirely  occluded  the  iierforation  V  in  the  attic 
repon.  A  large  cholesteatoma  can  he  seen  within  the  antral  cavity.  A  represents  antrum 
containin}!  cholesteatoma;  E,  external  auditory  canal  anfl  F,  facial  nerve. 

than  is  commonly  believed.  The  writer  has  seen  their  formation  both  clinically 
and  histologically  in  a  number  of  relatively  well  pneumatized  bones.  Cases  of 
this  character  have  also  been  reported  by  Wittmaack,  Bezold  and  others. 

Diagnosis — A  careful  history  of  the  aural  .symptoms,  particularly  of  a  dis- 
charge in  the  past,  is  most  important.  Not  infrecjuently  a  simple  mastoidectomy 
is  undertaken  because  of  a  faulty  history  and  during  the  operation  a  choleste- 
atoma is  discovered.  An  accurate  history  would  have  established  a  diagnosis  of 
an  acute  exacerbation  of  a  chronic  middle  ear  suppiu'ation  with  every  indication 
existing  for  a  modified  radical  or  a  radical  mastoidectomy. 

In  the  examination  of  the  ears,  Shrapnell's  area  should  be  \ery  carefully 
scrutinized  for  the  pre.sence  of  a  perforation.  A  tiny  perforation  may  be  present 
at  this  site;  it  may  be  covered  by  a  small  granuloma  or  by  a  small  crust,  making 
it  almost  imperceptible  to  the  examiner's  eyes.  The  patient  may  have  been 
unaware  of  discharge  at  any  time.  Nevertheless,  in  spite  of  this,  a  large  cho- 
lesteatoma may  exist  that  has  eroded  the  os.sicles  and  adjacent  bone  (Figs.  12  & 
13).  It  has  been  suggested,  in  cases  with  perforation  and  que.stionable  discharge, 
to  keep  for  a  period  of  24  hours,  a  small  pledget  of  cotton  at  the  site  of  the 
perforation  after  thorough  clean.sing.  If,  at  the  end  of  that  time,  there  is  a  fetid 
discharge  on  the  cotton,  one  can  a.ssume  that  a  cholesteatoma  is  present.  The 
fetid  odor  commonly  ob.served  with  cholesteatoma  may  disappear  during  an 
acute  exacerbation.  Hearing  impairment  maj^  be  so  slight  that  the  patient  is 
unaware  of  it.  Symptoms  of  labyrinthitis,  facial  paralysis  or  other  intracranial 
complications  may  be  pre.sent. 
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Fig.  13.  Vertical  section  through  the  middle  ear  showing  the  presence  of  a  fine  fibrous 
tissue  band  sealing  off  the  perforation  in  the  tympanic  membrane  at  P  and  concealing  a 
large  cholesteatoma  within  the  tympanic  cavity.  C  represents  cholesteatoma;  E,  external 
auditory  canal;  F,  facial  nerve;  Fr,  promontory;  T,  tympanic  cavitj';  TM,  tympanic  mem- 
brane and  V,  the  vestibule. 

X-ray  examination  is  of  considerable  diagnostic  value.  It  may  show  the  pres- 
ence of  sclerosis  in  the  bone  and  not  infrequently  outline  a  cholesteatomatous 
process.  It  should  be  made  in  every  instance  before  operation  is  undertaken. 
Nevertheless,  the  x-ray  examination  may  be  entirely  negative  in  a  case  in  which 
there  is  extensive  deep  seated  osseous  destruction  with  or  without  cholesteatoma. 
It  has  been  my  experience  to  find  cholesteatoma  at  operation  in  a  number  of 
instances  which  were  not  demonstrated  on  x-ray  examinations  made  by  very 
competent  roentgenologists.  One  must  not  rely  on  x-ray  findings  as  the  sole 
guide  to  a  correct  diagnosis. 

Prognosis — Cholesteatoma  is  a  constant  source  of  danger  to  life  because  of  the 
insidious  nature  of  its  growth,  because  of  its  tendency  to  destroy  bone  and  other 
contiguous  structures,  and  to  produce  intracranial  complications.  The  occur- 
rence of  an  acute  exacerbation  in  the  presence  of  a  cholesteatoma  presents  a 
more  serious  situation  than  that  which  is  encountered  with  the  usual  mastoiditis. 
A  cholesteatoma  in  the  epitympanic  region  with  a  small  perforation  is  more 
liable  to  be  responsible  for  complications  than  a  cholesteatoma  located  in  other 
parts  of  the  middle  ear  associated  with  large  perforations  (Fig.  14). 

Indications  for  operation — Once  a  diagnosis  of  cholesteatoma  of  the  middle  ear 
has  been  established  operative  interference  is  generally  indicated.  A  continuous 
foul  smelling  discharge  which  persists  in  spite  of  diligent  local  treatment  with 
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or  without  cholcstoatoma  is  indicative  of  necrosis  of  hone  within  the  tympanum 
or  mastoid.  C'holesteatosis  must  he  considered  a  menace  to  the  Hfe  of  the  patient 
which  can  he  removed  safely  only  by  operation.  Moreover,  in  our  present  state 
of  knowledj^e,  we  .should  not  he  content  only  with  saving  the  life  of  the  individual 
hut  we  must  realize  that  surgical  intervention  is  also  indicated  as  a  means  of 
preserving  practical  serviceable  hearing  or  even  impioving  the  hearing. 

Tijpe  of  operation — In  considering  the  type  of  operation  recjuired,  the  primary 
objective  of  the  surgeon  is  to  remo\e  the  source  of  danger  to  the  patient,  and 
then  if  possible,  to  coiiser\  e  the  hearing.  Since  it  is  almost  impossible  to  predict 
before  the  operation  the  extent  of  the  diseased  process,  the  type  of  procedure  to 
be  done  should  be  decided  on  only  at  the  time  of  operation  after  the  extent  of 
the  disease  has  been  accurately  determined.  The  surgeon  should  always  be  pre- 
pared to  do  the  cla.ssical  modified  radical  or  the  radical  operation.  In  the  event 
that  the  patient  has  good  practical,  .-serviceable  hearing  and  the  necrotic  process 
has  not  in\-olved  the  middle  ear,  a  modified  radical,  the  .so-called  Bondy  pro- 
cedure, is  the  operation  of  choice.  This  decision  can  usually  be  made  after  the 
antrum  has  been  widely  opened  and  the  outer  attic  wall  completely  remo\'ed. 
The  incus  and  head  and  neck  of  the  malleus  are  then  fully  exposed  to  view.  In 
the  presence  of  extensive  disease  within  the  middle  ear  with  little  or  no  practical 
hearing  a  complete  radical  mastoidectomy  is  definitely  indicated.  If  there  is  any 


Fig.  14.  Vertical  section  through  the  attic  region  >h(j\\ing  the  i)reseiice  of  necro.sis  of 
the  ossicle.^  Ijy  cholesteatomatoiis  invasion.  It  is  obvious  that  under  such  circumstances 
the  ossicles  cannot  be  preserved  at  operation  and  a  radical  mastoidectomy  would  be  in- 
dicated. .\  represents  matrix  of  cholesteatoma  (epidermal  lining);  C,  cholesteatoma;  E, 
e.xternal  semicircular  canal;  F.  facial  nerve  and  M,  malleus.  Note  that  the  bony  fallopian 
canal  has  been  necrosed  and  the  necrotic  process  is  extending  to  the  external  semicircular 
canal  with  impending  fistula  formation. 
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question  as  to  type  of  procedure  to  be  used,  it  is  safer  to  do  a  radical  mastoid- 
ectomy. In  performing  the  modified  radical  or  radical  mastoidectomy  either  the 
post  auricular  or  the  endaural  approach  will  usually  give  satisfactory-  exposure. 
I  believe  that  the  otologi.st  who  has  been  trained  in  both  approaches  and  has 
had  experience  with  the  fenestration  operation  technique,  will  prefer  the  endaural 
route.  Whether  a  dental  drill  or  an  osteotome  with  mallet  is  used,  is  a  matter 
of  pei-sonal  preference.  The  u.se  of  the  Zeiss  magnifying  lenses  also  has  been  of 
inestimable  value  at  operation.  With  their  aid,  the  important  structures  can  be 
identified  more  readily  and  are  less  liable  to  be  injured. 

The  problem  whether  or  not  to  remove  the  cholesteatomatous  matrix  during 
the  operation  has  been  a  controversial  one  for  many  years.  Some  otologi.sts 
(10,  11,  12)  have  favored  its  removal  in  every  case,  while  others  (13),  on  the 
other  hand,  have  felt  that  under  certain  circumstances  it  is  not  only  safe  but  it 
is  advisable  to  leave  the  matrix  untouched.  In  my  report  (7)  published  in  1933, 
histologic  e\-idence  was  presented  which  demonstrated  the  potential  dangers 
should  the  matrix  of  the  cholesteatoma  be  left  at  the  time  of  operation.  Photo- 
micrographs of  cases  then  presented  showed  that  though  the  inner  tympanic 
wall  had  apparently  been  lined  postoperatively  by  normal  squamous  epidermis, 
active  bone  necrosis  with  ero.sion  of  the  fallopian  canal  and  labyrinthine  capsule 
was  taking  place  beneath  this  epidermis.  The  mere  presence  of  an  epidermal 
lining  does  not  negate  the  possibility  that  a  pathological  process  is  going  on 
beneath  it  (Fig.  14).  This  pathological  process  apparently  can  take  place  not 
only  as  a  result  of  pressure  from  a  tightly  packed  cholesteatoma  but  also  may 
occur  e\-en  in  the  presence  of  a  wide  open  wound  in  which  drainage  of  exfoliated 
matter  is  adequately  afforded.  Thus  there  are  undoubtedly  factors  other  than 
pressure  of  the  cholesteatoma  which  are  responsible  for  the  destruction  of  the 
underlying  structures,  such  as  biochemical  or  enzymatic  action,  presence  of 
moisture,  etc.  Becau.se  of  this  innate  biological  activity  of  the  cholesteatomatous 
matrix,  I  previously  advocated  and  now  still  advocate  the  removal  of  the  matrix 
wherever  possible.  Also,  one  should  stress  the  importance  of  a  continued  follow 
up  in  all  post  radical  and  modified  radical  mastoidectomies  during  which  the 
wound  can  be  carefully  inspected  and  the  patient  questioned  for  untoward 
symptoms. 

In  conclu.sion,  the  following  points  .should  be  emphasized: 

1 .  The  otologist  .should  be  on  the  constant  look-out  for  the  presence  of  cho- 
lesteatoma. 

2.  The  x-ray  should  not  be  relied  upon  as  the  sole  means  of  making  the 
diagnosis  of  bone  necrosis. 

3.  Once  the  diagnosis  is  established,  operative  interference  is  usually  indicated. 

4.  It  is  safer  to  remove  the  matrix  of  the  cholesteatoma  during  the  operation 
than  to  leave  it  undi.sturbed. 

5.  While  elimination  of  the  pathological  process  during  operation  is  of  pri- 
mary importance,  due  consideration  mu.st  be  given  to  the  question  of  restoration 
and  preservation  of  hearing. 
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A  SURVEY  OF  CURRENT  BACTERIAL  SUSCEPTIBILITY  TO 
ANTIMICROBIAL  AGENTS 


Comparison'  with  Previous  Surveys 

S.  STANLEY  SCHNEIERSON,  M.D. 

New  York,  N.  Y. 

Selection  of  chemotherapeutic  agents  for  the  treatment  of  infections  often 
poses  considerable  difficulty  especially  when  such  bacterial  species  as  Staphylo- 
cocci, Enterococci  and  the  Coliform  bacteria  are  involved,  due  to  wide  variations 
in  antibiotic  susceptibility  among  individual  strains  within  these  groups.  Where 
time  permits,  this  dilemma  may  be  resolved  by  the  performance  of  in  vitro 
sensitivity  tests.  In  acute  or  fulminating  infections,  however,  prompt  treatment 
is  essential  and  any  delay  in  instituting  treatment  to  await  laboratory  reports 
might  prove  dangerous  and  invite  disaster.  In  an  attempt  to  establish  a  rational 
basis  for  the  selection  of  the  most  promising  antibiotics  in  such  situations,  the 
results  observed  with  a  large  number  of  antibiotic  sensitivity  determinations 
recently  performed  in  the  Chemotherapy  Laboratory  upon  different  bacteria 
isolated  from  a  varietj^  of  clinical  sources  have  been  compiled  and  tabulated 
with  a  view  to  ascertaining  the  proportion  of  strains  of  each  bacterial  specias 
currently  amenable  to  the  action  of  each  available  chemotherapeutic  agent, 
thereby  providing  a  guide  for  the  selection  of  drugs  most  apt  to  prove  efficacious 
in  the  treatment  of  specific  infections. 

The  period  under  consideration  covers  one  year  and  includes  the  last  six 
months  of  1956  and  the  first  half  of  1957.  In  addition,  the  present  findings  with 
respect  to  group  antibiotic  susceptibility  were  compared  with  those  observed  in 
previously  undertaken  surveys  in  order  to  determine  whether  or  not  any  changes 
in  the  pattern  of  antibiotic  susceptibility  for  any  particular  bacterial  group  had 
taken  place  during  the  intervening  periods.  No  new  procedural  changes  for  the 
performance  of  sensitivity  tests  were  instituted  in  the  laboratory  during  the 
periods  under  comparison  so  that  the  findings  are  directly  comparable. 

METHOD 

The  procedure  employed  in  this  laboratory  to  test  bacterial  sensitivity  to 
antibiotics  is  the  tube-dilution  method.  The  type  and  pH  of  the  medium,  prep- 
aration of  standard  antibiotic  stock  .solutions,  age  and  size  of  the  inoculum,  and 
the  temperature  and  duration  of  incubation  are  all  carefully  controlled.  Fresh 
veal  extract  broth,  pH  7.2,  is  the  medium.  The  test  is  performed  in  2 
ml.  amounts,  by  adding  1  ml.  of  a  10"''  dilution  of  a  six  hour  broth  culture  to  a 
series  of  tubes  containing  varying  concentrations  of  standard  antibiotic  in  1  ml. 
of  broth.  The  end  point  is  read  after  18  hours  incubation  at  37°  C.  This  is  the 
first  clear  tube,  indicating  complete  visual  inhibition  of  growth,  containing  the 
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least  amount  of  drug.  A  growth  control  tube  I'ontaining  the  test  inoculum 
without  antibiotic  is  used  with  (>ach  determination. 

KESLLTS 

All  bacterial  strains  inhibited  by  concentrations  of  standard  antibiotic  up  to 
or  less  than  O.o  units  of  penicillin,  1  meg  of  erythromycin,  5  megs  of  tetracycline 
10  megs  of  chloramphenicol,  o  units  of  bacitracin,  o  megs  of  streptomycin, 
5  megs  of  neomycin,  25  megs  of  nitrofurantoin,  20  mgm  %  of  sulfonamides, 
0  megs  of  novobiocin,  2  megs  of  oleandomycin  and  5  megs  of  polymy.xin  per  ml 
were  classified  as  sensitive  and  those  reciuiring  larger  amount  to  effect  growth 


TABLE  I 

Antibiolic  Susceptibility  of  Gram  Positive  Microorganisms 


Staphylo- 
coccus 
aureus 

Staphylo- 
coccus 
albus 

Entero- 
coccus 

Pneumo- 
coccus 

Beta 
Hemo- 
lytic 
Strepto- 
coccus 

Strepto- 
coccus 
\'iridans 

Penicillin 

Total  Tested 

40 

24 

C  1 

Dl 

81 

35 

#  Sens. 

389 

32 

2 

60 

80 

30 

%  Sens. 

60 

2 

80 

0 

8 

3 

98 

4 

98.8 

85.8 

Erythromycin 

Total  Tested 

696 

45 

467 

57 

83 

33 

«  Sens. 

571 

38 

358 

57 

82 

30 

%  Sens. 

82 

0 

84 

4 

76 

7 

100 

0 

98.8 

90.9 

Tetracycline 

Total  Tested 

274 

18 

183 

16 

35 

20 

«  Sens. 

139 

13 

45 

15 

31 

18 

%  Sens. 

50 

7 

72 

2 

24 

6 

93 

7 

88.6 

90.0 

Chloramphenicol  (Chlo- 

Total Tested 

346 

13 

96 

7 

12 

10 

romycetin) 

«  Sens. 

261 

11 

84 

7 

11 

10 

%  Sens. 

75 

4 

84 

6 

87 

5 

100 

0 

91.7 

100.0 

Bacitracin 

total  tested 

49 

3 

4 

0 

0 

2 

#  Sens. 

45 

2 

3 

2 

%  Sens. 

91 

8 

66 

7 

75 

0 

100.0 

St  reptomycin 

Total  Tested 

29 

5 

21 

2 

1 

8 

#  Sens. 

15 

5 

3 

2 

1 

7 

%  Sens. 

51 

7 

100 

0 

14 

3 

100 

0 

100.0 

87.5 

Neomycin 

Total  Tested 

36 

4 

79 

0 

0 

2 

«  Sens. 

35 

4 

78 

1 

%  Sens. 

97 

2 

100 

0 

98 

7 

50.0 

Nitrofurantoin  (Fura- 

Total  Tested 

22 

2 

429 

0 

1 

dantin) 

*  Sens. 

22 

2 

426 

1 

%  Sens. 

100 

0 

100 

0 

99 

3 

100.0 

Sulfonamides 

Total  Tested 

20 

1 

19 

1 

0 

0 

#  Sens. 

3 

1 

1 

1 

%  Sens. 

15 

0 

100 

0 

5 

3 

100 

0 

Novobiocin 

Total  Tested 

63 

6 

11 

1 

1 

2 

#  Sens. 

51 

5 

0 

1 

1 

1 

%  Sens. 

80 

9 

83 

3 

0 

0 

100 

0 

100.0 

50.0 

Oleandomycin 

Total  Tested 

15 

0 

3 

0 

0 

0 

#  Sens. 

12 

I 



%  Sens. 

80 

0 

33 

3 
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TABLE  II 

Antibiotic  Susceptibility  of  Gram  Negative  Microorganisms 


E. 
Coli 

Aero- 
bacter 
aero- 
genes 

Proteus 

B.  pyo- 
cyaneus 

oalmo- 
nella 

B. 

Fried- 
lander 

B. 

genes 
fecalis 

Tetracycline 

Total  Tested 

loi 

1  i  Q 
148 

101 

lUo 

12 

5 

4 

#  Sens. 

CO 

48 

5 

or: 
ZO 

11 

2 

3 

.%  Sens. 

OS 

y 

OZ 

A 

4: 

5.0 

Z4 

Q 
O 

91.7 

40.0 

75.0 

Chloramphenical 

Total  Tested 

oao 

o91 

314 

OAO 

zoy 

13 

6 

7 

(Chloromycetin) 

#  Sens. 

■307 

228 

4o 

12 

4 

4 

%  Sens. 

CO 

Q 

o 

DO 

r 
0 

72.6 

1  A 

Id 

r\ 
U 

92.3 

66.7 

57.1 

Streptomycin 

Total  Tested 

1  7 

01 
Zi 

20 

Z4 

3 

1 

0 

#  Sens. 

c 
0 

10 

7 

2 

0 

%  Sens. 

7n 

£! 

0 

Zo 

Q 
O 

50.0 

zy 

o 
/ 

66.7 

0.0 

— 

Neomycin 

Total  Tested 

108 

1  AO 

loy 

194 

1  CO 
18U 

1 

2 

0 

#  Sens. 

10-1 

1  AQ 

Ids 

180 

1  J^Q 

loo 

1 

2 

— 

%  Sens. 

07 

e 
0 

yy 

A 

4 

92.8 

Ct^ 
OO 

U 

100.0 

100.0 

— 

Nitrofurantoin  (Fura- 

Total  Tested 

369 

383 

296 

212 

12 

5 

7 

dantin) 

«  Sens. 

359 

355 

289 

49 

12 

5 

5 

%  Sens. 

97 

3 

92 

7 

97.6 

23 

1 

100.0 

100.0 

71.4 

Sulfonamides 

Total  Tested 

13 

21 

12 

18 

4 

0 

1 

«  Sens. 

1 

1 

6 

1 

1 

0 

%  Sens. 

7 

7 

4 

8 

50.0 

5 

6 

25.0 

0.0 

Novoljiocin 

Total  Tested 

2 

7 

10 

8 

0 

0 

0 

#  Sens. 

0 

0 

3 

0 

%  Sens. 

0 

0 

0 

0 

30.0 

0 

0 

Polymyxin 

Total  Tested 

11 

26 

22 

59 

0 

0 

0 

*  Sens. 

11 

23 

0 

52 

%  Sens. 

100 

0 

88 

5 

0.0 

88 

1 

inhibition  as  resistant.  The  proportion  of  .strains  of  each  bacterial  species,  both 
Gram  positive  and  Gram  negative,  found  sensitive  to  each  antibiotic  are  con- 
tained in  Tables  I  and  II,  respectively. 

The  relative  effectivene.ss  of  different  antibiotics  against  particular  bacteria 
species  are  graded  numerically  in  Table  III,  according  to  the  following  criteria: 

1 —  Over  90  %  of  strains  sensitive 

2 —  76-90  %  of  strains  sensitive 

3 —  51-75  %  of  strains  sensitive 

4 —  25-50  %  of  strains  sensitive 

5 —  Less  than  25  %  of  strains  sensitive 

Species  in  which  less  than  five  strains  were  tested  against  any  antibiotic  are  not 
listed  in  the  table.  Utilization  of  this  table  as  a  guide  for  the  selection  of  anti- 
biotics most  apt  to  prove  effective  against  particular  bacterial  species  may  prove 
of  service  in  attaining  therapeutic  succe.ss  in  the  treatment  of  infections  more 
certainly  and  more  rapidly. 

Considering  possible  changes  in  antibiotic  susceptibility  patterns  over  the 
course  of  years,  relative  sensitivities  of  a  variety  of  bacteria  to  tetracycline  and 
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TXm.K  III 


Comparative  Efficacy  of  Various  A  nlihiolics  Against  Different  M icroorddnisnis 

in  vitro 


Organism 

enicUlin 

rythro- 
myiin 

etra- 
cycilne 

i  9 

ei  c 
fc 

0^ 
S  0. 

_c 
*o 

St 

trepto- 
mycin 

*C 

B 
o 

itro- 

furantoin 

§3 

ovobiocin 

oly  myxin 

leando- 
mycin 

A. 

U 

H 

O 

« 

en 

Z 

tn 

Z 

O 

Stuplivlococcus  aureus 

3* 

2 

4 

3 

1 

3 

1 

5 

2 

 t 

2 

St upli vlococcus  iilbus 

2 

2 

3 

2 

1 

2 

Kiiterococcus  

5 

2 

5 

2 

5 

1 

1 

5 

5 

— 

— 

Pii(*uruococcus 

1 

1 

1 

Hot.'i  Hpmolvtif*  Strpntomppiw 

1 

1 

2 

l 

2 

1 

2 

1 

— 

2 

K.  coli  

3 

2 

3 

1 

1 

5 

1 

4 

3 

5 

1 

1 

5 

5 

2 

B.  proteus  

5 

3 

4 

1 

1 

4 

4 

5 

5 

5 

4 

2 

5 

5 

5 

2 

1 

1 

1 

H.  Frietllander  

4 

3 

1 

3 

3 

*  1.  Over  90%  of  strains  sensitive  2.  76-90%  sensitive  3.  51-75%  sensitive  4.  25- 
50%  sensitive    5.  Less  than  25%  sensitive. 

t  Microorganisms  with  fewer  than  5  strains  tested  against  a  particular  antibiotic  are 
not  graded. 


chlorainphenicol  in  the  years  1949-51  (1)  are  compared  with  those  now  V)einfi; 
found,  in  Table  IV.  With  respect  to  the  tetracyclines,  it  is  of  interest  to  note 
that  with  the  passage  of  time  the  proportion  of  strains  found  sensitive  out  of 
the  total  number  tested  has  remained  fairly  constant  with  E.  coli  and  B.  proteus, 
has  risen  with  B.  pyocvaneus  and  the  Salmonella,  and  has  fallen  significantly 
with  Aerobacter  aerogenes.  Staphylococcus  aureus  and  albus,  and  Enterococcus. 
Likewise  the  proportion  of  strains  of  E.  coli,  Aerobacter  aerogenes.  Salmonella 
and  iMiterococcus  sensitive  to  chloramphenicol  has  remained  fairly  constant, 
has  increased  with  B.  proteus,  B.  pyocyaneus.  Staphylococcus  albus  and  has 
decreased  with  B.  Friedlander  and  Staphylococcus  aureus.  By  and  large,  strains 
of  Streptococcus  viridans,  Beta  Hemolytic  Streptococcus  and  Pneumococcus 
have  remained  highly  susceptible  to  both  antibiotics  with  but  very  rare  excep- 
tions. 

The  proportion  of  strains  of  Staphylococcus  aureus  found  sen.sitive  to  penicillin 
195:^  and  1954  (2)  as  compared  to  those  i.solated  during  the  period  covered  by 
the  present  report  is  noted  in  Table  From  the  table  it  may  be  observed  that 
the  percentage  of  strains  proven  sensitive  to  penicillin  has  remained  relatively 
con.stant  and  appears  to  have  become  .stabilized  throughout  the  years  investi- 
gated. This  coincides  with  the  experience  of  Needham  and  Nichols  (3)  who 
noted  that  following  the  initial  period  of  increasing  resistance  to  penicillin,  the 
ratio  of  penicillin-resistant  to  penicillin-sensitive  strains  of  staphylococci  for  a 
given  institution  finally  .stabilizes  and  remains  relativelj^  constant  so  that  a 
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TABLE  IV 


Bacterial  Susceptibility  to  Chlortelracijcline  and  Chloramphenicol 
in  1949-1 950-1951  and  at  Present 


Organism 

Chlortetracycline 

Chloramphenicol 

1949-1950-1951 

1955-7* 

1949-1950-1951 

1956-7 

Total 
Tested 

«  Sens. 

c 

0) 

6§ 

Total 
Tested 

«  Sens. 

c 

6? 

*  Sens. 

%  Sens. 

Total 
Tested 

«  Sens. 

%  Sens. 

ICsch.  coli .  .... 

271 

148 

54.6 

151 

89 

58.9 

237 

189 

79.7 

395 

327 

82.8 

Aerobacter  aerogenes  

82 

48 

58.5 

148 

48 

32.4 

57 

43 

75.4 

391 

260 

66.5 

B  proteu.s 

125 

7 

5.6 

101 

5 

5.0 

143 

60 

41.9 

314 

228 

72.6 

B  pvocvaneu.s 

132 

3 

2.3 

103 

25 

24.3 

140 

8 

5.7 

269 

43 

16.0 

Salmonella  

21 

15 

71 A 

12 

11 

91.7 

19 

18 

94.7 

13 

12 

92.3 

B  Friedlander 

20 

18 

90.0 

5 

2 

40.0 

18 

17 

94.4 

6 

4 

66.7 

B.  alkaligenes  fecalis  

18 

11 

61.1 

4 

3 

75.0 

16 

8 

50.0 

7 

4 

57.1 

St  aphylococcus  aureus .... 

236 

222 

94.1 

274 

139 

50.7 

95 

90 

94.7 

346 

261 

75.4 

Staphylococcu.s  albus  

61 

53 

86.9 

18 

13 

72.2 

29 

15 

75.0 

13 

11 

84.6 

164 

95 

57.9 

183 

45 

24.6 

171 

154 

90.1 

96 

84 

87.5 

Pneumococcus  ". .  .  . 

32 

32 

100.0 

16 

15 

93.7 

7 

7 

100.0 

7 

7 

100.0 

Beta  hemolytic  strepto- 

coccus   

67 

67 

100.0 

35 

31 

88.6 

13 

13 

100.0 

12 

11 

91.7 

107 

104 

97.2 

20 

18 

90.0 

31 

30 

96.8 

10 

10 

100.0 

*  Organisms  were  tested  for  their  sensitivity  to  tetracycline  during  this  time.  Since 
there  is  a  high  degree  of  cross  resistance  between  chlortetracycline  and  tetracycline,  re- 
sults obtained  with  both  are  comparable. 


TABLE  V 


Susceptibility  of  Staphylococcus  Aureus  to  Penicillin  in  1953-1954  and  at  Present 


Year 

Total  Tested 

*  Sensitive 

%  Sensitive 

1953 

175 

113 

64.6 

1954 

330 

215 

65.1 

1956-7 

646 

389 

60.2 

rough  eciuilibrium  between  both  is  finally  established.  Our  proportion  of  Staphy- 
lococcal strains  .sensitive  to  penicillin  is  somewhat  higher  than  that  reported  in 
the  literature  (3-7).  This  may  be  due  to  technical  reasons  rather  than  represent 
an  actual  difference  in  experience  since  the  tube-dilution  method  for  performing 
sensitivity  tests  was  employed  exclusively  for  the  series  reported  upon  whereas 
the  results  obtained  in  most  of  the  reports  cited  are  based  upon  methods  that 
utilized  a  solid  medium  techniciue,  either  partially  or  exclusively. 

Present  susceptibility  of  bacterial  species  to  erythromycin  as  compared  to  the 
period  1953-1954  (8)  is  presented  in  Table  VI.  As  may  be  observed  from  the 
table,  although  a  high  degree  of  sen.sitivity  has  been  maintained  by  organisms 
within  the  recommended  spectrum,  some  lessening  in  the  percentage  of  strains 
.sensitive  to  this  antibiotic  has  been  noted  with  Staphylococcus  aureus  and  albus, 
Enterococcus  and  with  Streptococcus  viridans  while  all  pneumococcal  strains 
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TABLE  VI 


Bacterial  Susceplibililii  to  Erythromycin  in  1953-1954  and  at  Present 


Organism 

1953-1954 

1956-7 

Total 
Tested 

«  Sens. 

%  Sens. 

Total 
Tested 

*  Sens. 

%  Sens. 

Staphylococcus  aureus  

Staphylococcus  alhus  . 

Knterococcus  

Pneumococcus   

Beta  hemolytic  streptococcus 

559 

79 
256 
22 
46 
68 

509 

76 
223 
22 
46 
61 

91.1 

96.2 
87.1 
100.0 
100.0 
96.8 

696 

45 
467 
57 
83 
33 

571 

38 
358 
57 
82 
30 

82.0 
84.4 
76.7 
100.0 
98.8 
90.9 

TABLE  VII 

Bacterial  Susceptibility  to  Nitrofurantoin  in  1953-1954  and  at  Present 

Organism 

1953-1954 

1956-7 

Total 
Tested 

*  Sens. 

%  Sens. 

Total 
Tested 

*  Sens. 

%  Sens. 

Esch.  coli  

Aerobactcr  aerogenes  

B.  proteus  

B.  Friedlaiider  

B.  alkaligcnes  fecalis  

Staphylococcus  aureus  

Eiiterococcus  

Salmonella  

281 
223 
237 
101 
3 
2 
6 
160 

278 
223 
237 
45 
3 
2 
6 
160 

98.9 
100.0 
100.0 

45.6 
100.0 
100.0 
100.0 
100.0 

369 
383 
296 
212 
5 
7 
22 
429 
12 

359 
355 
289 
49 
5 
5 
22 
426 
12 

97.3 
92.7 
97.6 
23.1 

100.0 
71.4 

100.0 
99.3 

100.0 

and  all  ."^trains  of  Beta  Hemolytic  Streptococcus  except  1  out  of  88  strains  tested 
have  been  found  uni\ersally  sensiti\-e  to  erythromycin  at  the  present  time  as 
they  \vere  during  1953  and  1954. 

Finally,  regarding  nitrofurantoin,  as  may  be  seen  in  Table  with  the  ex- 
ception of  B.  pyocyaneus  and  B.  alkaligenes  fecalis,  all  microbial  species  tested 
are  currently  highly  sensitive  to  nitrofurantoin  as  they  were  in  1953-1954  (9). 
However,  only  23.1  %  of  B.  pyocyaneus  .strains  are  now  susceptible  to  its  action 
as  compared  to  45.0%  earhcr  and  71.4%  of  strains  of  B.  alkaligenes  fecalis  as 
compared  to  100.0 %c  formerly.  However,  too  few  strains  of  the  latter  species 
were  te.sted  during  both  periods  to  draw  any  significant  conclusions.  In  addition, 
whereas  all  of  a  large  luuiiber  of  strains  of  Aerobacter  aerogenes,  B.  proteus  and 
Enterococcus  were  previously  found  to  be  universally  susceptible  to  nitrofuran- 
toin, 28  out  of  a  total  of  383  strains  of  Aerobacter  aerogenes,  7  out  of  29()  strains 
of  B.  proteus  and  3  out  of  429  strains  of  Enterococcus  are  presently  resi.stant  to 
its  antibiotic  effect  in  the  present  survey. 

Sl'.MMAKY 

1.  Results  foimd  with  a  large  number  of  antibiotic  sensitivity  determinations 
performed  on  microorganisms  i.-^olated  from  a  variety  of  clinical  .sources  have 
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been  compiled  and  tabulated  in  an  effort  to  ascertain  the  proportion  of  strains 
of  each  microbial  species  currently  sensitive  to  available  chemotherapeutic 
agents. 

2.  Based  upon  the  above  data,  antibiotics  have  been  graded  numerically  in 
Table  III  according  to  their  relative  effectiveness  against  different  bacterial 
species  in  order  to  provide  a  guide  for  the  selection  of  antibiotics  for  the  treat- 
ment of  specific  infections. 

3.  Current  antibiotic  sensitivity  findings  were  compared  with  those  observed 
in  previously  undertaken  surveys  in  an  effort  to  ascertain  and  note  whether  or 
not  the  pattern  of  antibiotic  susceptibility  of  any  bacterial  groups  had  changed 
during  the  intervening  periods. 
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III.  Thk  Elkcthic  Axis  and  Ventriculau  (Iuadiknt  as  Determixkd 

KKOM  THK  TWKLVE  LeAI)  ElECTROCARUIOGUAM 
LOUIS  BKINBERG,  L.R.C.P.,  Ei>. 

X'jw  York,  X.  y. 

We  have  seen  that  the  spherical  coordinates  of  a  vector  in  space  are  readily- 
extracted  from  its  projections  (1,  2).  An  ideal  system  of  electrode  placement 
displays  equal  lead  vectors  on  mutually  perpendicular  axes.  Until  such  a  system 
is  unanimously  or  "officially"  adopted,  it  may  be  useful  to  examine  the  time- 
integrals  of  the  cardiac  cycle  as  obtained  from  the  twelve-lead  electrocardiogram. 
The  ventricular  gradient  (VG),  electric  axis  (QRS),  and  the  angle  subtended  by 
these  forces  (QRiS-\'G  angle)  were  therefore  determined  in  49  normal  subjects. 
Six  females  and  forty-three  males  in  an  age  range  of  21  to  58  years  were  studied. 
All  were  asymptomatic.  The  presence  of  heart  disease  was  excluded  by  history, 
physical  examination,  and  fluoroscopy.  Ballistocardiograms  were  taken  on  88 
subjects  and  were  normal. 

METHOD 

The  net  area  of  PQRST  (3)  is  measured  l)v  counting  scjuares  in  leads  I  and  II, 
and  the  frontal  projection  of  the  gradient  determined  on  the  triaxial  frame  (4). 
Only  the  upper  edge  of  the  tracing  is  considered,  and  a  line  joining  the  T-P  seg- 
ments before  and  after  the  complex  is  taken  as  the  isoelectric  level.  The  area 
above  this  is  positive;  that  below,  negative.  In  counting  stjuares,  it  is  useful  to 
place  the  edge  of  a  piece  of  paper  on  this  line,  as  illustrated  in  figure  la,  which 
demon.strates  the  positive  area  in  the  .■second  complex  and  the  negative  in  the 
third.  The  value  is  that  which  would  be  obtained  if  the  area  of  PQRST  were 
measured  algebraically  in  one  sweep  of  a  planimeter  (3) . 

It  is  es.sential  that  the  tran.sverse  component  of  the  horizontal  projection  be 
equal  to  that  of  the  frontal.  The  horizontal  projection  cannot  therefore  be 
obtained  by  vectorial  summation  of  two  precordial  leads,  as  this  condition  would 
obtain  only  by  coincidence.  A  combination  of  leads  I  and  Vo  is  also  not  fea.sible 
as  the  \o  electrode  is  much  nearer  to  the  dipole-center  than  are  the  arms.  The 
horizontal  projection  is  therefore  found  by  an  indirect  method.  It  is  assumed 
that  the  precordial  leads  lie  on  a  horizontal  plane  at  the  level  of  the  dipole-center 
and  that  their  axes  are  separated  from  the  frontal  plane  by  angular  distances 
estimated  to  be  - 15°,  17°,  56°,  72°,  92°,  and  124°  for  Vg  through  Vi  respectively, 

From  the  Department  of  Medicine,  The  Mount  Sinai  Hospital,  New  York  City,  X.  Y. 
This  paper  is  abstracted  in  the  proceedings  of  the  .30th  Scientific  Sessions  of  the  American 
Heart  Association.  Circulation,  XVI:  863,  1957. 
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Fig.  la 


Fig.  lb 


Fig.  Ic 


Fig.  Id 


Fig.  la.  Measurement  of  areas  for  determination  of  the  ventricular  gradient.  The  area 
of  PQRST  is  measured  in  a  manner  simulating  that  of  planimetry.  Only  the  upper  edge  of 
the  tracing  i.s  considered,  and  the  level  of  the  T-P  interval  is  taken  as  the  isoelectric  line. 
It  is  useful  to  place  the  edge  of  a  piece  of  paper  on  this  line.  Areas  above  it  are  positive; 
those  below  are  negative.  The  positive  area  is  shown  in  the  second  complex;  the  negative 
in  the  third. 

Fig.  lb.  Determination  of  the  axis  of  the  horizontal  projection.  The  horizontal  pro- 
jection is  perpendicular  to  that  axis  on  the  horizontal  plane  on  which  its  derivative  is 
equal  to  zero.  The  j)recordial  leads  are  therefore  examined  to  determine  the  axis  on  which 
the  area  of  PQRST  equals  zero.  This  is  the  transitional  axis,  and  the  axis  of  the  horizontal 
projection  is  drawn  perpendicularly  to  it. 

Fig.  Ic.  Determination  of  the  terminus  of  the  horizontal  projection.  The  areas 
of  PQRST  are  measured  in  leads  I  and  II,  and  the  frontal  projection  determined  in  the 
usual  manner.  The  line  of  recall  is  then  dropped  from  its  terminus  (vg'')  to  the  axis  of  the 
horizontal  projection.  The  point  of  intersection  is  the  terminus  of  the  horizontal  projec- 
tion (vg"). 

Fig.  Id.  Latitude  and  magnitude  are  then  determined  by  revolution.  In  practice  the 
entire  procedure  is  conveniently  performed  on  the  chart  of  the  orthovectorcardiogram 
(1).  The  illustration  is  included  for  purposes  of  exposition. 
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Fig.  2.  Having  deteriniiied  tlio  sphoiii-al  foordi nates  of  the  gradient,  it  is  re])resented 
by  a  spot  on  the  surface  of  a  sphere. 

as  .>^ho\vn  in  figure  II).  These  values  were  obtained  by  drawing  the  fifth  interspace 
chest  perimeter  of  a  normal  subject  and  positioning  the  dipole-center  to  the  left 
of  the  mid-sagittal  line  by  9.4  %  of  the  thorax  width  and  anterior  to  a  line  joining 
the  mid-axillary  points  by  14.8%  of  the  thorax  depth  (5).  The  transitional  axis 
is  determined.  For  our  purpose  it  is  considered  to  be  that  axis  on  which  the  net 
area  of  PQRST  is  ecjual  to  zero.  It  is  possible  to  divide  the  angular  distances 
between  adjacent  leads  into  six  divisions  with  reasonable  accuracy.  Thus  in  the 
Vi-Vo  interval,  the  axis  may  be  estimated  to  lie  midway  between  the  leads,  to 
the  left  or  right  of  midway,  to  the  left  of  Vi,  or  to  the  right  of  Vo.  Differences  in 
lead  vectors  precludes  exact  interpolation.  As  the  derivative  of  the  horizontal 
projection  on  the  transitional  axis  is  zero,  or  a  point,  the  horizontal  projection  is 
obviously  perpendicidar  to  this  axis,  and  a  perpendicular  is  therefore  drawn,  as 
in  figure  lb.  It  is  the  axis  of  the  horizontal  projection  and  supplies  the  longitude 
of  the  gradient,  which  in  the  figure  is  39°.  To  mark  the  terminus,  vg",  of  the 
horizontal  projection,  the  line  of  recall  (1)  is  dropped  from  the  terminus,  vg'',  of 
the  frontal  projection,  as  in  figure  Ic.  Latitude  and  magnitude  are  then  obtained 
by  revolution,  as  in  figure  Id.  In  this  case  the  former  is  21°,  and  the  axis  is  repre- 
sented by  a  point  in  figure  2.  QRS  is  determined  in  a  similar  manner. 

RESULTS 

The  results  are  listed  in  Table  I  and  graphically  presented  in  figure  3.  The 
spherical  surface  is  most  suitable  for  the  application  of  statistical  techniques  to 
groups  of  spatial  axes.  To  determine  the  angular  deviation  of,  for  example,  a 
gradient  axis  from  the  mean  gradient  axis  of  the  series,  the  arc  distance  between 
the  points  representing  these  axes  is  measured  with  a  pair  of  dividers.  The  value, 
along  with  those  of  the  remainder  of  the  series,  is  then  subjected  to  the  usual 
statistical  technicjues. 


TABLE  I 


Mean 

Mean 
Devia- 
tion 

Stand- 
ard De- 
viation 

Range 

Range  of 
Deviation 
(from  mean) 

QRS 

Magnitude  in  mi- 
crovolt-seconds 
Axis 

22.0 

Longitude 

-18° 
Latitude  46° 

8.4 

23° 

10.0 
26° 

4.8  to  51.2 

97°  (solid 
angle) 

0.8  to  29.6 

2°  to  55° 

VG 

Magnitude  in  mi- 
crovolt-seconds 
Axis 

54.0 

Longitude  23° 
Latitude  38° 

14.0 

20° 

18.4 
22° 

16.8  to  118.8 

81°  (solid 
angle) 

0.4  to  64.8 
3°  to  47° 

QRS- 
VG 
angle 

Magnitude 
Bearing 

32° 

NW88° 

13° 

16° 

8°  to  74° 

1°  to  42° 

■,o4 

-  Z  SD- 

 3S0  


a-tu.a^i.oK  of  MoflMude  of  0«S-VG 

ftnqle  .n  S'OneO'd  Dev.o'iOn  Units 


ORS-VG  Arqie  .n  Oe^'cet 


Fig,  3  a 


Fig.  3  b 


Fig.  3  c 


Fig.  3i 
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Fk;.  4.  \'eiit  l  iculur  gnidieiits  of  49  normal  subjects.  The  star  is  at  the  mean  axis.  The 
circles  centereti  on  it  have  radii  of  1,  2.  and  3  standard  deviations.  The  standard  deviation 
equals  22°.  The  area  of  each  spot  is  j)ro()<)rtionate  to  the  magnitude  of  the  vector  it  repre- 
sents. The  i)<)sterior  hemisphere  is  shaded. 


Fig.  5.  C^RS  vectors  of  49  normal  subjects.  The  triangle  is  at  the  mean  axis.  Standard 
deviation  ecpials  26°. 
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Fig.  6.  QRS-\'G  angle  in  49  normal  subjects.  Each  subject  is  assigned  an  arrow.  Its 
tail  is  at  the  QRS  position;  its  head,  at  the  \'G  position.  Its  length  equals  the  angular 
distance  between  the  forces.  As  it  has  magnitude,  direction,  and  sense,  it  may  be  taken  as 
a  vector  on  a  spherical  surface.  The  mean  QRS-VG  angle  equals  32°  and  bears  XW88°, 
orX8°;W41°. 

The  angular  deviation  of  the  gradient  axes  from  the  mean  gradient  axis  is 
charted  in  standard  deviation  units  in  figure  3a.  This  differs  from  the  usual 
type  of  standard  deviation  histogram,  such  as  that  of  figure  3c,  in  that  all  values 
are  positive.  It  is,  of  course,  drawn  on  a  flat  surface.  An  interesting  and  useful 
spatial  counterpart  may  be  displayed  on  a  spherical  surface.  This  is  .shown  in 
figure  4,  which  presents  the  49  gradients.  Here  the  area  of  the  spots  is  propor- 
tionate to  magnitude.  The  posterior  hemisphere  is  shaded.  The  mean  axis  is 
represented  by  a  star,  and  the  concentric  circles  have  radii  of  1,  2  and  3  standard 
deviations  (22°),  respectively.  The  t^RS  vectors  are  similarly  illustrated  in 
figure  5,  in  which  the  mean  axis  is  represented  by  a  triangle. 

The  QR8-VG  angles  are  presented  in  figure  6.  Each  subject  is  assigned  an 
arrow.  The  tail  of  the  arrow  is  at  the  QRS  position,  and  the  head  at  the  VG  posi- 
tion. The  length  is  an  arc  distance  equal  to  the  magnitude~^  the  subtended 
angle,  and  the  orientation  is  the  bearing  of  VG  from  QRS.  The  arrow  may  be 
considered  to  represent  the  vector  of  the  QRS-VG  angle  (angular  distance) ;  it 
has  magnitude,  direction,  and  sense.  It  bears  XW  in  31  instances,  SW  in  16, 
XE  in  1,  and  X  in  1. 

DISCUSSION' 

If  the  precordial  leads  lay  on  a  horizontal  plane  through  the  dipole-center, 
the  derivative  of  a  vector  on  a  precordial  axis  would  equal  the  derivative  of  its 
horizontal  projection  on  that  axis.  As  these  leads  do  not  lie  on  such  a  plane,  a 


METHOD  OK  A NALYZl NO   ELKCTUOCAUmAC   ENTITIES  IN  Sl'ACE 


source  of  error  is  introduced.  This  could  l)e  overcome  In*  deterniiniii<>;  the  trans- 
verse level  of  the  dipole-center  l\v  tlie  method  of  Frank  (.'))  and  jjosit ioninj;  the 
electrodes  at  tliis  level.  The  nature  of  the  Burger  trian<>;le  ((>)  and  its  l)ack\var(ls 
tilt  (7)  lia\'e  not  been  consideicd. 


SI  MMA  liY 

1.  A  method  of  determinin<i  the  ventricular  gradient  electric  axis 
(QHS),  and  QHS-\'(i  angle  from  the  twelve  lead  electrocardiogram  is  presented. 

2.  These  are  obtained  in  4!)  normal  subjects. 

3.  The  spherical  coordinates  of  the  mean  ventricular  gradient  are:  magnitude 
54.0  micro-volt  seconds;  longitude  2;^°;  latitude  38°.  Those  of  (JHS  are:  magni- 
tude 22.0  microvolt-seconds;  longitude  —18°;  latitude  4(1°.  The  mean  QRH-A'Cl 
angle  is  32°  and  hears  XW88°. 
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ADDENDUM 

A  Rapid  Method  of  Determimxg  Space-Polak  Coordinates 

A  method  of  determining  the  spherical  coordinates  (magnitude,  azimuth  and 
elevation)  of  vectors  in  space  has  recently  been  advanced  (1-4).  It  has  further 
been  demonstrated  that  a  spatial  axis  may  be  represented  by  a  point  on  the 
surface  of  a  .sphere  (2-4).  The  angular  di.stances  between  this  point  and  the  car- 
dinal planes  and  axes  may  then  be  measured  with  a  pair  of  dividers  or  a  cali- 
brated meridian.  It  is  intended  here  to  present  a  method  of  rapidly  determining 
these  angles  on  paper  and  to  propose  criteria  of  range  and  polarity. 

There  are  three  cardinal  planes:  the  frontal  (F),  the  horizontal  (H),  and  the 
sagittal  (S).  There  are  three  cardinal  axes:  the  tran.sver.se  (X),  the  vertical  (Y), 
and  the  sagittal  (Z).  The  angles  subtended  by  a  vector  with  these  coordinates  of 
reference  .shall  be  annotated  as  <F,  <H,  <S,  <X,  <V,  and  <Z,  respectively. 
The  determination  of  <H  has  already  been  pre.sented  (1-4).  For  reasons  that 
will  become  apparent  it  shall  be  repeated  here.  An  actjuaintance  with  the  prin- 
ciples by  which  spatial  entities  are  represented  by  and  visualized  from  their 
projections  is  reciuisite  to  a  proper  understanding  of  the  exposition  that  follows. 
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The  interested  reader  who  lacks  this  quahfication  is  referred  to  Part  I  of  this 
Series  (3). 

METHOD 

Let  US  assume  the  vector  OAI  with  frontal  projection  Om''  and  horizontal 
projection  Om"  as  in  figure  la.  Vector  OM  is  shown  pictorially  in  figure  lb.  If  a 
plane  be  passed  between  the  vector  and  its  horizontal  projection,  this  plane, 
MOm^,  is  perpendicular  to  the  horizontal  plane  and  is  called  a  horizontal  pro- 
jecting plane.  It  may  be  revolved  into  the  frontal  plane,  on  which  it  is  repre- 
sented in  figure  lb  as  MnOmn.  OMh  is  then  the  true  length  of  the  vector  and 
<MHOmH  is  the  angle  it  subtends  with  the  horizontal  plane  (<H),  as  the.se 
have  not  changed  during  the  revolution.  To  perform  the  revolution  orthographi- 
cally,  an  arc  centered  at  0  is  drawn  from  m"  to  the  ground-line,  and  at  the  point 
of  intersection  a  perpendicular  is  erected  to  the  altitude  of  m^,  as  in  figure  Ic. 
yin  then  represents  the  position  of  the  vector  terminus,  ^I,  after  its  re\-olution. 
As  it  is  determined  by  revolution  of  a  horizontal  projecting  plane  and  supplies 
the  angle  with  the  horizontal  plane,  it  has  been  termed  the  horizontal  revolute 
(1-3). 

The  revolution  may  conveniently  be  performed  on  the  polar  coordinate  chart 
of  figure  Id.  The  projections  are  obtained  oscilloscopically  in  the  case  of  instan- 
taneous vectors  or  by  areal  measurements  of  components  in  the  case  of  mean 
vectors,  or  time  integrals.  They  are  then  positioned  on  the  chart,  the  revolution 
is  performed,  and  the  horizontal  revolute,  Mh,  annotated  as  a  point.  <H  is  its 
angular  distance  from  the  line  of  abscissa  and  ranges  from  0°  to  ±90°.  As  the 
Y  axis  is  perpendicular  to  the  horizontal  plane,  <Y  is  the  complement  of  <H. 
It  is  therefore  equal  to  the  angular  distance  of  the  horizontal  revolute  from  the 
line  of  ordinate.  Interiorly  oriented  vectors  subtend  positive  angles;  superiorly 
oriented  vectors,  negative  angles  with  both  the  horizontal  plane  and  the  Y  axis. 
In  figure  Id  <H  =  -17°  and  <Y  =  -73°. 

Every  vector  has  three  projecting  planes:  the  horizontal,  frontal  and  .sagittal. 
These  intersect  on  the  axis  of  the  vector,  as  in  figure  2a.  The  frontal  projecting 
plane  extends  between  the  vector  and  its  frontal  projection  and  is  perpendicular 
to  the  frontal  plane;  the  sagittal  projecting  plane  extends  between  the  vector 
and  its  sagittal  projection.  To  obtain  <F,  the  angular  distance  from  the  frontal 
plane,  the  frontal  projecting  plane  is  revolved  into  the  horizontal  plane,  as  in 
figures  2b  and  2c. 

In  this  case  Mf  is  obtained  by  revolution  of  a  frontal  projecting  plane  and 
furnishes  the  angle  with  the  frontal  plane.  It  may  therefore  be  called  the  frontal 
revolute  and  is  shown  on  the  chart  of  figure  2d.  <F  ranges  from  0°  to  ±90°  and 
is  measured  from  the  line  of  absci-ssa.  As  the  Z  axis  is  perpendicular  to  the  frontal 
plane,  <Z  is  complementary  to  <F  and  is  measured  from  the  line  of  ordinate. 
Both  <F  and  <Z  are  po.sitive  in  the  case  of  anteriorly  directed  vectors  and  nega- 
tive in  that  of  posteriorlj'  directed  vectors.  In  this  case  <F  =  44°,  and  <Z  =  46°. 

To  determine  <S,  the  sagittal  projecting  plane  is  revolved  into  the  frontal 
plane.  The  sagittal  projection  is  obtained  from  the  frontal  and  horizontal  in 
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figure  3a.  In  this  i-aso  it  is  viewed  from  the  subject's  riji;lit,  hut  a  view  from  the 
left  does  not  affect  tlie  construction,  which  is  shown  pictorially  in  l\\i.n\v  31),  and 
ortho^raphically  in  li^m-e  3c.  is  the  sagittal  revolute.  Its  angular  distance 
from  the  line  of  ordinate  in  figure  3d  is  ecjual  to  <S.  As  the  X  axis  is  perix'iidicular 
to  the  sagittal  plane,  <X  is  the  complement  of  <S  and  is  measured  from  the 


-90' 


Fig.  Ic  Fig-  Id 

Fk;.  la.  Orthographic  representation  of  vector  OM. 

Fui.  lb.  Vector  (iM  shown  jjictorially.  The  plane  siihtended  l)y  the  vector  and  its  hori- 
zontal projection,  Om",  is  perpendicular  to  the  horizontal  plane  and  is  called  a  horizontal 
projecting  ])lane.  When  revolved  into  the  frontal  i)lane,  the  polar  coordinates  of  the  vector 
terminus  M  on  the  horizontal  projecting  plane  ajjpear  on  the  frontal  plane.  These  are  its 
true  length  (TL),  or  magnitude  (M°).  and  <H.  Mh,  the  position  of  the  vector  terminus 
after  revolution,  is  called  the  horizontal  revohite.  „  ■  , 

Frc;.  Ic.  The  revolution  is  i)erformed  orthographically.  .\n  arc  of  radius  Om"  is  drawn 
to  the  ground-line  (intersection  of  frontal  and  horizontal  planes)  and  a  jjerpeiuhcular 
erected  to  the  altitude  of  m^. 

Fi(i  Id  The  revolution  can  he  performed  on  a  polar  coordinate  chart,  and  the  i)osition 
of  Mh  noted.  <H  then  equals  the  angular  distance  of  Mh  from  the  line  of  absciss;!^ .Angles 
below  this  line  are  positive;  those  above,  negative.  <Y  is  the  complement  of  <H  and  is 
measured  from  the  line  of  ordinate.  It  bears  the  same  polarity  as  <H.  the  dial  applies 
only  to  <H. 
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Fig.  2a 


Fig.  2b 


1 

-^0 

1-n  

Fig.  2c 

Fig.  2d 

Fig.  2a.  Six  principal  planes  intersect  on  the  axis  of  a  vector.  Three  of  these  are  illus- 
trated; the  horizontal,  frontal,  and  sagittal  projecting  planes.  The  frontal  projecting 
plane  extends  between  the  vector  and  its  frontal  projection  and  is  perpendicular  to  the 
frontal  plane;  the  sagittal  projecting  plane  extends  between  the  vector  and  its  sagittal 
projection  and  is  perpendicular  to  the  sagittal  plane.  The  planes  subtended  by  the  vector 
and  the  three  cardinal  axes,  X,  Y,  and  Z,  are  not  shown. 

Fig.  2b.  To  determine  <F,  the  frontal  projecting  plane  is  revolved  into  the  horizontal 
plane.  The  final  position  of  the  vector  terminus  is  now  termed  the  frontal  revolute  (Mf)- 
<F  is  the  angle  between  OMf  and  the  frontal  plane  as  measured  against  the  dial  on  the 
horizontal  plane.  TL  has  the  same  value  as  in  Figure  1. 

Fig.  2c.  Orthographic  revolution  of  frontal  projecting  plane.  .\n  arc  of  radius  Om^  is 
drawn  to  the  ground-line,  and  a  perpendicular  erected  to  the  distance  of  m'^  from  the 
ground-line. 

Fig.  2d.  After  positioning  Mp,  the  frontal  revolute,  on  the  polar-coordinate  chart,  <F 
equals  the  angular  distance  of  Mf  from  the  line  of  abscissa.  <Z  is  the  complement  of  <F, 
bears  its  polarity  and  is  measured  from  the  line  of  ordinate.  The  dial  applies  only  to  <F. 
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Fig.  3c  Fig.  3d 

Fig.  .'ia.  The  .-^agitttil  projection,  m'^,  is  derived  from  the  frontal  and  horizontal. 

Fic.  .31).  <S  i.-;  ol)tained  revolution  of  the  sagittal  projecting  jilane,  OMm'',  into  the 
frontal  plane.  Ms  is  the  sagittal  revolute. 

Fk;.  3c.  ()rthograi)hic  revolution  of  the  .sagittal  projecting  jjlane.  An  arc  of  radius 
Om'^  is  drawn  to  the  line  of  ordinate,  wliich  represents  the  intersection  of  the  frontal  and 
sagittal  planes.  A  perpendicular  is  then  drawn  to  the  distance  of  m*"  from  the  line  of  ordi- 
nate. 

Fk;.  3(1.  .\fter  jierforming  the  revolution  on  the  polar-coordinate  chart,  <S  is  the  angu- 
lar distance  of  the  sagittal  revolute,  M.s,  from  the  line  of  ordinate.  Angles  to  the  left  are 
positive;  those  to  the  right,  negative.  <X  i.s  the  complement  of  <S,  hears  its  polarity, 
and  is  measured  from  the  line  of  abscissa.  The  dial  applies  only  to  <S. 

line  of  ab.-<ci;>sa.  Both  <S  and  <X  range  from  0°  to  ±90°  and  are  positive  when 
the  vector  points  to  the  left,  negative  when  it  points  to  the  right. 

The  three  revolutes  can  be  obtained  from  two  projections  by  use  of  a  simple 
stratagem.  Let  us  assume  that  Mh  has  been  obtained  from  the  frontal  and  hori- 
zontal projections.  Mh  and  are  shown  as  points  in  figure  4a.  The  distance  of 
the  three  revolutes  from  0  is  a  con.stant  as  it  equals  the  magnitude  of  the  vector. 
Mf  and  therefore  lie  on  an  arc  through  Mh.  From  figure  'M)  it  is  .seen  that  the 
sagittal  revolute  and  the  horizontal  projection  are  equidi.stant  from  the  sagittal 
plane.  Ms  therefore  lies  on  a  parallel  to  the  line  of  ordinate  through  m",  and  at 
the  intersection  of  this  parallel  with  the  arc.  In  figures  2a,  b,  and  c,  the  frontal 


Fi|.  4a 


Fi|.  4  c 

Fig.  4a.  Scheme  for  rapid  determination  of  angles  X,  Y,  Z,  F,  H,  and  S  starting  with 
Mh,  the  horizontal  revolute,  and  m'',  the  horizontal  projection.  An  arc  is  drawn  through 
Mh-  Its  radius  is  equal  to  the  magnitude  of  vector  ()M.  The  three  revolutes  therefore  lie 
on  this  arc.  As  the  frontal  revolute,  Mf,  and  m"  are  eciuidistant  from  the  frontal  plane, 
Mf  will  lie  at  the  intersection  of  the  arc  and  a  parallel  to  the  line  of  abscissa  through  m". 
As  the  sagittal  revolute,  Ms,  and  m"  are  equidistant  from  the  sagittal  plane.  Ms  will  lie 
at  the  intersection  of  the  arc  and  a  parallel  to  the  line  of  ordinate  through  m". 

Fig.  4b.  Scheme  starting  with  Mf,  the  frontal  revolute,  and  ra*",  the  frontal  projec- 
tion. The  arc  is  drawn  through  Mf.  As  m'^  and  Mg  are  equidistant  from  the  sagittal  plane, 
Ms  will  lie  at  the  intersection  of  the  arc  and  a  parallel  to  the  line  of  ordinate  through  m"". 
As  Mh  and  m*"  are  equidistant  from  the  horizontal  plane,  Mh  will  lie  at  the  intersection 
of  the  arc  and  a  parallel  to  the  line  of  abscissa  through  m*". 

Fig.  4c.  Scheme  starting  with  M.s,  the  sagittal  revolute,  and  m^,  the  sagittal  projec- 
tion. The  arc  is  drawn  through  Ms.  As  Mh  and  m''  are  equidistant  from  the  horizontal 
plane,  Mh  will  lie  at  the  intersection  of  the  arc  and  a  parallel  to  the  line  of 
abscissa  thro>igh  m*.  As  Mf  and  m^  are  equidistant  from  the  frontal  plane,  Mf  will  lie  at 
the  intersection  of  the  arc  and  a  parallel  to  the  line  of  ordinate  through  m^. 
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rovoluto  and  horizontal  projection  arc  (Miuidistant  from  tlic  frontal  plane.  Mi- 
therefore  lies  at  the  intersection  of  \\\v  arc  and  a  line  through  ni"  i)arallel  to  the 
line  of  abscissa.  (Jiven  ni''  and  Mk,  the  two  remaining  revolutes  can  he  found, 
as  in  figure  4h.  (!i\en  in^  and  Ms,  the  remaining  icvolutes  are  foui\d  as  in 
figure  4c. 

Six  princii)al  planes  inter.sect  on  the  axis  of  a  vector,  the  1  luce  projecting  planes, 
which  are  shown  in  figvue  2a,  and  the  three  planes  subtended  by  the  vector  and 
and  the  cardinal  axes.  The  polar  coordinates  of  the  vector  terminus,  M,  on  each 
of  these  planes  are  space-polar  coordinates.  Thus,  on  the  horizontal  projecting 
plane,  these  are  magnitude  (M°)  and  <H;  on  the  frontal  projecting  plane,  M° 
and  <F,  etc.  In  extra-medical  fields,  it  is  customary  to  refer  to  M°  and  <X, 
<  Y,  and  <Z  as  coordinates  of  the  space-polar  coordinate  system,  although  these 
are  sometimes  called  spherical  coordinates.  The  latter  is,  ho\ve\'er,  more  appli- 
cable to  the  azimuth,  elevation  sy.stem  as  it  is  useful  for  annotating  axes  as 
points  on  the  surface  of  a  .sphere  (2,  4). 

From  the  revolutions  the  following  relation.ships  can  be  derived: 

<X 
<Y 
<Z 
<F 
<S 
<H 

These  values  should  satisfy  the  ecjuations: 

(cos  <X)-  +  (cos  <Y)--  +  (cos  <Z)-  =  1 

(sin  <F)-  +  (.sin  <H)'-  +  (.-<in  <S)-  =  1 

The  arithmetic  sum  of  the  six  angles  is,  of  cour.se,  270°  (three  pairs  of  comple- 
ments). 

In  our  49  normal  subjects,  the  mean  angles,  X,  Y,  Z,  S,  11,  and  F,  were  found 
to  be  49°,  44°,  -78°,  41°,  40°  and  -12°,  re.spectively,  in  the  case  of  the  electric 
axis,  and  44°,  52°,  70°,  4()°,  38°,  and  20°,  respectively,  in  the  ca.se  of  the  ven- 
tricular gradient. 
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DISCUSSION 

A  point  in  space  can  only  be  fixed  relative  to  pre-determined  points,  lines,  or 
planes.  It  is  natural  and  useful  to  elect  the  null-point  and  the  cardinal  planes  and 
axes  as  coordinates  of  reference.  Designation  of  range  and  polarity  of  angles  is, 
however,  arbitraiy.  As  Einthoven  has  assigned  positive  values  to  manifest  angles 
directed  below  the  horizontal  plane,  this  tradition  has  been  expanded  to  its 
spatial  expression,  Einthoven's  a  is  the  frontal  projection  of  <H.  The  latter  has 
been  given  the  polarity-of  its  projection.  When  directed  inferiorly,  <H  is  there- 
fore positive;  when  superiorly,  negative. 

Azimuth  is  the  manifest  angle  on  the  horizontal  plane.  The  Einthoven  dial 
has  been  imposed  on  this  plane  and  serves  for  azimuth  (1-3).  As  this  is  the  hori- 
zontal projection  of  <F,  the  polarity  of  <F  has  been  chosen  to  correspond  to 
that  of  azimuth.  Anteriorly  directed  angles  are  therefore  positive;  posteriorly, 
negative. 

The  spatial  angles  have  been  given  a  range  of  0°  to  ±90°  rather  than  0°  to 
±180°  and  are  a  measure  of  the  acute  angles  subtended  with  the  cardinal  planes 
and  axes.  Adoption  of  the  broader  range  would  have  introduced  a  source  of  mis- 
conception. Thus  if  <H  were  measured  from  the  left  half  of  the  frontal  plane  and 
extended  through  ±180°,  its  value  could  alter  drastically  as  a  vector  traversed 
the  sagittal  plane.  This  is  illustrated  in  figure  5.  The  two  vectors  shown,  OA  and 
OB,  are  near  each  other  but  separated  by  the  sagittal  plane.  Both  subtend  equal 
angles  with  the  horizontal  plane,  —15°,  as  seen  on  the  inner  dial.  Were  they 
measured  from  the  left  half  of  the  horizontal  plane,  <H  of  one  would  be  —15°, 
of  the  other,  —165°,  as  seen  on  the  outer  dial.  When  we  consider  that  the  same 
considerations  apply  to  the  remaining  angles,  it  becomes  evident  that  employ- 
ment of  the  broader  range  would  readily  lead  to  confusion,  as  angular  coordinates 


Fig.  5 


MKTHOI)   ()!-"  ANALYZIXC    KLKCTHOCA  HDl  AC    KNTITIKS    IN  STACK 


7:i 


that  are  widely  ilissimilar  nuiy  leprescnt  Ncctors  tlial  lie  in  dose  i)r(»xiinity. 
Determination  of  angles  X,  Y  and  Z  from  the  simple  complementary  relation- 
ships with  angles  S,  II  and  respectively,  would  also  he  needlessly  complicated. 
The  adopted  range  is  in  addition  preferable  for  statistical  purposes.  The  mean 
of  —  15°  and  —  15°,  for  example,  is  — 15°,  whereas  that  of  —  15°  and  —  1()5°  is  a 
misleading  —  90°. 

It  may  be  argued,  with  justification,  that  a  range  of  0°  to  +180°  foi-  angles 
X,  ^',  and  Z  is  to  be  preferred.  The  considerations  demonstrated  in  figure  5  do 
not  apply  to  these  angles,  and  signs  could l)eeliminated.  Furtliermore,  statistical 
calculations  would  .seem  at  first  glance  to  be  simplified.  Thus  angles  X  of  vectors 
OA  and  OB  are  found  to  be  —87°  and  +87°,  respectively,  in  the  range  adopted 
hut  the  mean  is  0°.  Reason  tells  us  that  the  mean  is  90°,  and  this  would  be  our 
value  if  the  0°  to  +180°  range  were  cho.sen.  We  need  only  remember,  however, 
that  <X  is  the  complement  of  <S,  and  the  mean  <X  is  therefore  the  comple- 
ment of  the  mean  <S.  Angles  S  of  OA  and  OR  are  —8°  and  +3°,  respectively. 
The  mean  is  0°,  and  the  complement  of  this,  or  mean  <X  is  90°,  as  expected. 
In  using  this  scheme,  therefore,  the  angle  with  the  cardinal  plane  is  first  deter- 
mined, and  the  angle  with  the  corresponding  cardinal  axis  is  then  assigned  a 
complementary  value.  The  need  of  additional  dials  is  thus  obviated  and  the 
simple  complementary  relationship  maintained. 

The  use  of  Greek  letters  to  symbolize  coordinates  has  been  avoided.  These 
needlessly  tax  the  memory  and  have  been  interchangeably  employed  in  graphic 
descriptions  of  various  spatial  systems. 
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AN  UNUSUAL  CASE  OF  ACUTE  ESOPHAGITIS 


A.  DANIEL  HAUSER,  M.D. 
New  York,  N.  Y. 

Esophageal  lesions  are  becoming  more  easily  recognized  as  techniques  for 
their  diagnosis  are  perfected,  and  their  recognition  is  becoming  more  significant 
as  means  of  therapy  are  de\'eloped. 

This  case  is  presented  to  demonstrate  an  unusual  type  of  acute  esophagitis 
which  presented  a  diagnostic  and  therapeutic  problem. 

CASE  REPORT 

p.  M.,  a  56  year  old  white  male,  was  first  admitted  to  the  Medical  Service 
of  The  Mount  Sinai  Hospital  on  April  15,  1954  with  a  chief  complaint  of  nausea 
of  one  month's  duration. 

The  patient  admitted  that  during  his  adult  life  he  indulged  in  a  heavj^  intake 
of  alcohol  associated  with  a  poor  dietary  intake.  He  had  spent  his  youth  in 
Puerto  Rico,  in  an  area  endemic  for  Schistosoma  mansoni.  In  1939  he  was  told 
that  he  had  syphilis  and  was  treated  with  injections.  At  the  completion  of  treat- 
ment his  .serological  test  for  syphilis  was  negative.  He  denied  jaundice,  clay 
colored  stools,  dark  urine,  or  exposure  to  hepatotoxins.  One  year  prior  to  ad- 
mission he  observed  the  onset  of  loss  of  libido.  One  month  prior  to  admis.sion  he 
de\'eloped  nausea,  vomiting  of  coffee-ground  material,  and  passage  of  tarry 
stools.  This  ceased  spontaneously  after  three  days  and  was  followed  by  ankle 
edema. 

On  admission,  physical  examination  revealed  a  chronically  ill  appearing  white 
male.  The  axillary  hair  was  sparse  and  chest  hair  was  absent.  The  pubic  hair 
was  of  female  distribution.  There  was  no  spider  angiomata,  gynecomastia,  or 
testicular  atrophy.  The  heart  was  slightly  enlarged  and  presented  a  faint  apical 
systolic  murmur.  The  liver  edge  was  felt  three  finger  breadths  below  the  right 
costal  margin.  No  ascites  was  present.  There  was  four  plus  pitting  edema  of  the 
ankles.  Neurological  examination  was  normal. 

Laboratory  examination  revealed  the  hemoglobin  to  be  7.5  gm.  per  100  ml. 
and  a  normal  white  blood  cell  count.  L'rinalysis,  blood  urea  nitrogen,  and  fasting 
blood  sugar,  serum  bilirubin  and  cholesterol  were  normal.  Alkaline  phosphatase 
was  26.5  units,  cephalin  chole.sterol  flocculation  was  negative,  and  the  total 
protein  was  6.6  gm.  per  cent  (albumin,  3.3  gm.  per  cent;  globulin,  3.3  gm.  per 
cent).  BSP  retention  in  45  minutes  was  16  per  cent.  Blood  Wassermann  was 
negative.  Stool  quaiacs  were  negati\'e  for  occult  blood.  Rectal  biopsy  revealed 
no  .schistosoma  ova. 

Gastrointestinal  x-rays  showed  esophageal  varices  with  normal  filling  of  the 
upper  esophagus.  Chest  x-ray  demonstrated  faint  apical  densities. 

The  patient  received  500  cc.  of  whole  blood  and  was  given  a  high  protein, 
high  carbohydrate  diet,  and  iron  therapy. 

From  the  Department  of  Medicine,  The  Mount  Sinai  Hospital,  New  York,  X.Y. 
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He  was  discharj^cd  on  May  Ht.")4  with  a  (liafjjiiosis  of  l.a('iiii(H''s  cirrhosis 
aiul  esophageal  varices.  Thereafter  he  resumed  his  previous  habits  of  heavy 
alcoholic  intake  and  inadcciuatc  diet,  llcdid  well,  liow(>ver,  except  for  inlei'iuit- 
tent  ankle  edema. 

One  day  prior  to  the  patient's  second  admission  he  became  nanscatcd  after 
drinkinjr  several  jijlasses  of  l)eer.  On  January  1!),  l!).")?  he  passed  se\-eial  tarry 
stools  and  came  to  the  emergency  room. 

He  appeared  to  be  an  acutely  and  chronically  ill  white  man.  Din  ing  the  exami- 
nation the  patient  regurgitated  500  cc.  of  dark  red  blood  and  collapsed.  His 
blood  pressure  was  rtO  {];  his  pulse  was  100  per  minute.  The  physical  examination 
was  unchanged  from  the  prexious  examination  in  1954.  The  patient  was  im- 
mediately iiUubated  with  a  Sengstaken  tube,  and  the  shock  was  treated  with 
pla.sma  expanders  and  whole  blood.  Several  minutes  after  the  onset  of  therapy 
the  blood  pressure  was  110  70  and  the  patient  appeared  to  be  out  of  shock. 

On  the  morning  after  the  day  of  admission,  it  was  observed  that  the  Seng- 
staken tube  had  been  regurgitated,  and  the  gastric  balloon  was  lodged  in  the 
esophagus.  The  tube  was  removed  and  the  bleeding  did  not  recur. 

The  laboratory  work  re\-ealed  a  hemoglobin  ranging  from  10  to  14  gm.  per 
100  ml.  and  a  normal  white  blood  count.  Urinalysis  was  normal.  Blood  urea 
nitrogen,  fasting  blood  sugar,  and  serinn  electrolytes  were  normal.  Serum  bili- 
rubin ranged  from  2.()()  to  0.77  mg.  per  cent.  Alkaline  phosphatase  was  25 
units.  Serum  albumin  was  o.O  gm.  per  cent  and  serum  globulin  was  3.4  gm.  per 
cent.  Cephalin  cholesterol  flocculation  varied  between  0  and  2  plus.  BSP  re- 
tention in  45  minutes  was  18  per  cent.  The  serologic  test  for  syphilis  gave  a 
negative  result. 

On  January  20,  1957  the  trachea  was  observed  to  be  shifted  to  the  right,  the 
temperature  was  102°  F.,  and  chest  x-ray  revealed  a  right  upper  lobe  pneumonia. 
Treatment  with  antibiotics  was  instituted  and  by  February  2,  1957  the  pneu- 
monia had  cleared. 

In  view  of  the  fact  that  this  was  the  second  episode  of  bleeding  from  varices 
in  this  patient,  and  considering  his  relativeh'  good  parenchymal  function,  it 
was  decided  to  evaluate  the  patient  for  a  portal-ca\  al  shunt  operation  to  relieve 
the  portal  hypertension. 

E.sophagram  performed  on  February  1,  1957  revealed  the  following  svuprising 
findings.  In  the  upper  third  of  the  e.sophagus  there  was  a  large  intraluminal 
mass  over  which  the  mucosa  appeai'ed  to  be  distorted  and  perhaps  destroyed 
(Fig.  1).  This  indented  the  contour  of  the  e.sophagus  for  a  distance  of  approxi- 
mately 15  cm.,  ending  in  the  lower  third  of  the  esophagus.  It  was  widest  at  its 
cephalad  end  and  tapered  irregularly  down  to  its  distal  end.  It  appeared  on  the 
right  side  of  the  esophagus,  but  the  left  side  of  the  esophagus  was  similarly 
indented  although  more  irregularly.  The  middle  third  of  the  e.sophagus  there- 
fore was  not  as  easily  distended  with  barium  or  air  as  the  more  proximal  or  distal 
portions.  There  were  also  discrete,  irregular  filling  defects  seen  in  the  lower  half 
of  the  esophagus  which  gave  the  appearance  of  varices.  In  addition  there  was  a 
pulsion  type  of  hiatal  hernia.  Peristalsis  was  poor  in  the  esophagus  and  a  small 
amount  of  barium  was  retained  at  the  cardio-esophageal  junction  for  ten  min- 
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utes.  There  was  no  evidence  of  reflux  of  barium  from  the  stomach  into  the  hernia 
or  esophagus  in  the  Trendelenburg  position.  The  remainder  of  the  stomach 
showed  no  evidence  of  intrinsic  organic  abnormahty.  The  duodenal  bulb  was 
deformed  at  its  apex,  but  no  ulcer  niche  was  seen.  The  appearance  of  the  filling 
defect  in  the  esophagus  was  suggestive  of  carcinoma. 

On  February  7,  1957  another  esophagram  again  revealed  this  mass  in  the 
esophagus  which  gave  the  impression  of  a  carcinoma. 

On  February  12,  1957  the  patient  began  to  complain  of  dysphagia  and  was 
unable  to  swallow  solid  food.  On  February  14,  1957  esophagoscopy  revealed, 
at  25  cm.  from  the  upper  incisors,  almost  complete  occlusion  of  the  esophageal 
lumen  by  the  bulging  mass  of  the  esophageal  wall.  The  mass  felt  firm  and  bled 
easily.  Biopsy  of  the  mass  revealed  fragments  of  esophageal  wall,  peri-esophageal 
soft  tissue,  and  fat  containing  nerve  bundles.  Xo  evidence  of  tumor  was  seen. 


Fig.  1.  Esophagram  revealing  a  large  intraluminal  mas?  in  the  upper  third  of 
the  esophagus. 
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Fic.  2.  Esophagram  revealing  a  (lisai)pearance  of  the  previous  defect. 

On  February  15,  1957  intensive  antibiotic  therapy  was  begun.  The  dysphagia 
and  inabihty  to  swallow  solid  foods  persisted. 

On  February  21,  1957  esophagoscopy  revealed,  beginning  at  20  cm.  from  the 
upper  incisors,  a  gray,  flat  mass  on  the  posterior  and  right  lateral  walls  of  the 
esophagus  which  extended  downwards  and  bled  readily.  This  was  removed  for 
hi.<tological  examination.  The  endoscopist  remarked  that  he  could  not  be  certain 
as  to  whether  this  tissue  was  grossly  tumor  or  inflammatory  exudate.  The  path- 
ological leport  of  the  tissue  obtained  at  biopsy  was  fragments  of  completely 
necrotic  tissue  and  inflammatory  exudate.  Xo  tumor  was  seen  in  the  specimen. 

On  February  27,  1957  an  esophagram  showed  no  change  in  the  ovoid  filling 
defect  of  the  esophagus. 

On  March  5,  1957  the  patient  suddenly  became  nauseated  and  regurgitated 
10  cc.  of  bright,  red  blood.  The  dysphagia  persisted  subse((uently.  Two  days 
later  he  was  esophagoscoped.  25  cm.  from  the  upper  incisors,  there  was  pro- 
jecting into  the  lumen  a  small  amount  of  irregular  pink  tissue  suggestive  of 
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granulation  tissue.  The  ulcerative  masses  seen  at  the  previous  examination  had 
disappeared  although  the  membrane  appeared  rough  and  congested.  This  was 
suggestive  of  a  healing  esophagitis.  There  was  no  evidence  of  a  bulging  mass 
at  any  point. 

Following  the  procedure  the  dysphagia  rapidly  disappeared.  E.sophagram  on 
March  13,  1957  showed  a  disappearance  of  the  previous  filling  defect  (Fig.  2). 
Directly  below  the  area  where  the  defect  had  been  present  there  was  a  slight, 
relative  narrowing  of  the  esophagus  and  slight  irregularity  of  its  contours. 

The  patient  has  remained  asymptomatic,  and  it  is  felt  that  the  lesion  was 
an  esophagitis. 

COMMENT 

The  etiology  of  esophagitis  is  not  at  all  clearh^  defined.  The  most  common 
explanation  of  the  cause  of  esophagitis  is  the  bathing  of  esophageal  mucosa  in 
corrosive  gastric  juices  which  gain  access  to  the  esophagus  via  an  incompetent 
cardia  due  to  a  sliding  hiatal  hernia  or  the  presence  of  an  indwelling  gastric 
tube  (1-5).  However  there  is  evidence  which  does  not  support  this  view.  Palmer 
(6)  states  that  the  disease  is  primarily  subepithelial,  that  the  esophageal  mucosa 
is  normally  resistant  to  acid  digestion,  and  that  esophagitis  ensues  only  when 
the  esophageal  tissues  are  devitalized.  Penner  and  Bernheim  (7)  point  out  in 
their  series  of  esophagitis  at  post  mortem  examination  that  the  common  fac-tor 
in  acute  esophagitis  is  the  clinical  syndrome  of  shock.  They  found  that  most  of 
the  esophagitis  they  encountered  occurred  in  patients  who  had  undergone  major 
surgical  procedures  or  had  died  after  being  in  a  state  of  shock. 

Bartels  (5),  in  his  series  of  82  cases  of  esophagitis,  found  at  po.st  mortem  ex- 
amination that  55  cases  occurred  in  patients  who  had  undergone  major,  ex- 
tensive surgical  procedures.  Bloch  (8)  in  his  series  of  20  cases  of  esophagitis 
points  out  again  that  most  of  his  cases  were  those  in  which  the  patients  had  been 
in  shock.  Furthermore,  one  encounters  esophagitis  in  achlorhydric  patients,  and 
medical  measures  to  control  gastric  acidity  do  not  ameliorate  esophagitis  (9). 

It  would  seem  then  that  the  most  likely  seciuence  of  e\"ents  in  acute  esopha- 
gitis is  first  the  clinical  syndrome  of  shock  with  contraction  of  esophageal  arte- 
rioles. The  subseciuent  tissue  anoxemia  is  followed  by  increased  capillary 
permeability,  transudation  of  plasma,  and  escape  of  cellular  elements  with 
hemorrhage  leading  finally  to  necrosis  and  pseudomembrane  formation  (7). 
Once  the  tissue  is  devitalized  then  the  regurgitation  of  acid  gastric  juices  may 
help  to  digest  the  necrotic  tissue  (6). 

In  the  case  presented,  the  patient  had  obviously  been  in  shock.  He  had  re- 
gurgitated gastric  contents  and  had  had  ample  opportunity  for  trauma  to  the 
esophageal  mucosa  from  an  indwelling  Sengstaken  tube.  Following  this  course 
of  events  howe\-er,  instead  of  developing  the  usual  erosive  esophagitis  that  one 
might  expect,  he  developed  a  profuse  proliferation  of  granulation  tissue  which 
on  x-ray  could  not  be  distinguished  from  a  carcinoma  of  the  esophagus.  On 
esophagoscopy  the  lesion  was  seen  to  almost  completely  occlude  the  esophageal 
lumen.  Biopsy  revealed  chronic  inflammatory  exudate.  At  the  time,  with  these 
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facts  in  miiul,  a  i)()>>ihilit y  was  tliat  tlu'  k'sion  represented  a  carciiioina  ot  the 
esophaujus  with  superimposed  infection  on  tlie  tunior  tissue.  However,  the 
complete  clearan((>  of  the  h'sion  on  antibiotic  therapy  confirmed  the  thagnosis 
of  esophagi t  is. 

The  distinction  l)etween  an  inHammatory  lesion  of  the  esopha}!;us  which  can 
and  does  respond  to  antibiotic  and  con.servative  theraj)y,  and  neoplasm  of  the 
esophagus  which  recjuires  prompt,  radical  surgical  therapy  is  patently  of  crucial 
significance.  In  the  literatvu-e  I  have  been  able  to  locate  only  two  ca.ses  of  in- 
ffannnatory  lesions  of  the  esophagus  with  mass  formation  which  on  endoscopy 
and  x-ray  resembled  carcinoma.  One  case  of  Adams  and  Lui  ia  (10)  on  x-ray 
reveal(>d  a  ma.ss  protruding  into  the  esophagus  which  was  confirmed  at  esopha- 
goscopy.  Biopsy  of  tlie  lesion  showed  chronic  inflammation.  lOsophagoga.strec- 
tomy  was  performed  with  excision  of  the  mass.  Pathological  examination  of  the 
mass  revealed  an  inflanuuatory  dixerticulum  of  the  lower  esophagus  with 
chronic  suppuration  and  granulomatous  periesophagitis. 

The  second  case  is  reported  by  Kampmeier  and  Jones  (11).  In  this  case,  a 
48  year  old  woman  with  a  jiositive  blood  Wassermann  and  Kahn  complained 
of  dysphagia.  Ksophagram  demonstrated  almost  complete  ol)struction  at  about 
the  midpoint  of  the  esophagus  with  an  irregular  canalization  through  the  area 
of  obstruction  suggestive  of  carcinoma.  Msophagoscopy  revealed  constriction  at  the 
mid  point  of  the  esophagus  by  a  band  of  scar  tissue  below  which  was  observed 
a  granular  tumor  that  resembled  carcinoma.  Biopsy  revealed  a  chronic  inflam- 
matory reaction.  The  lesion  was  assumed  to  be  a  gumma,  and  was  treated  with 
bisnuitli,  potassium  iodide,  neoar.sphenamine,  and  dilatations  with  a  bougie.  The 
lesion  responded  well,  and  dysphagia  disappeared  after  foiu'  weeks.  At  follow-up, 

2  years  after  the  onset  of  treatment,  examination  revealed  slight  stricture  at 
the  site  of  previous  obstruction  with  a  small  traction  diverticulum.  The  patient 
remained  asymptomatic  (11). 

Our  case,  after  the  discovery  of  the  esophageal  mass,  presented  a  therapeutic 
problem.  If  this  was  a  carcinoma  then  radical  surgery  was  indicated,  and  if  this 
was  an  inflammatory  lesion  then  antibiotics  and  conservative  therapy  would  be 
the  treatment  of  choice.  The  biopsies  of  the  lesion  re\  ealed  inflammatory  exu- 
date, but  this  could  be  compatible  with  inflammation  ox-erlying  a  tumor.  It  was 
decided  to  give  the  patient  a  trial  on  antibiotics  and  conservative  therapy. 
After  three  weeks  of  antibiotic  therapy  the  le.sion  had  disappeared,  thus  con- 
firming its  inflammatory  nature. 

SrMMAKY 

A  ca.se  of  esophagitis  is  presented  in  which  the  x-ray  and  endoscopic  findings 
were  indistinguishable  from  those  seen  in  carcinoma  of  the  esophagus.  The 
lesion  responded  to  antibiotics  and  conservative  management. 
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(  ASK  XO.  2() 

A  77  year  old  nuilo  was  adinittt'd  with  a  history  of  sudden  severe  h)w  l)ack 
pain.  The  patient  was  a  known  hypertensi\-e  lor  at  least  five  years  with  recurring 
episodes  of  confusion  and  memory  d(>fects.  A  rehahle  history  could  not  Iw 
obtained. 

Physical  examination  showed  a  blood  pressure  of  210  130  with  a  pulse  rate 
of  100  per  minute.  The  temperature  was  101. ()°F.  The  heart  was  enlarged  to  the 
left.  Regular  sinus  rhythm  was  present.  A2  was  loud  and  booming.  The  abdomen 
was  soft.  Xo  masses  or  organs  were  palpable.  Ten  or  lo  RBC  pre  high  power 
field  of  centrifuged  urine  were  present,  with  chmips  of  WBC.  The  prostate  was 
enlarged  to  twice  the  normal  size.  The  pos.sibility  that  the  pain  was  on  the  ba.sis 
of  a  urinary  calculus  was  considered  but  a  G.l'.  work-up  was  negative.  During 
the  course  of  the  patient's  hospital  stay,  the  pain  diminished  over  a  period  of  two 
weeks  but  it  became  evident  that  the  patient  was  hoarse  and,  on  laryngo.scopy, 
an  immobile  left  vocal  cord  in  the  cadaveric  position  w-as  noted.  The  patient's 
mental  state  continued  to  be  confu.sed  and  he  was  finally  discharged  without  a 
definite  diagnosis  to  explain  the  low  hack  pain. 

Examination  of  the  chest  in  the  PA  projection  (Fig.  1)  about  two  weeks  after 
admission  showed  a  moderate  increase  in  the  transverse  diameter  of  the  heart. 
The  left  leaf  of  the  diaphragm  was  somewhat  elevated  and  straightened  but  there 
was  no  definite  evidence  of  auy  pleural  effusion.  The  ascending  aorta  did  not 
appear  remarkably  prominent.  Howe\er,  the  aortic  knob  was  extremely  wide 
with  a  deep  identation  on  the  esophagus,  and  in  addition  extended  unusually 
high,  abo\'e  the  level  of  the  sternoclavicular  articulations.  The  descending  aorta 
beyond  the  arch  showed  a  marked  bulge  into  the  left  lung  field.  In  the  left  oblitjue 
projection  (I'ig.  2),  there  was  .slight  prominence  of  the  ascending  aorta  but  the 
posterior  bulging  of  the  descending  aorta  beyond  the  arch  was  very  marked. 
The  esophagus  was  displaced  posteriorly  with  the  aorta.  There  was  no  definite 
e\'idence  of  calcification  within  the  dilated  aorta.  The  roentgen  features  described 
above  were  considered  consistent  with  a  simple  arteriosclerotic  aneurysmal 
dilatation. 

Two  and  a  half  years  after  the  above  admi.ssion  to  the  hospital,  the  patient  was 
readmitted  in  a  markedly  cachetic  and  confused  condition  and  died  suddenly 
with  ma.ssive  bleeding  from  the  no.se  and  mouth.  Xecropsy  examination  demon- 
strated the  presence  of  a  di.ssecting  aneurysm  beginning  in  the  region  of  the  arch 
of  the  aorta  and  extending  downwards  well  into  the  abdominal  aorta.  The  cause 
of  death  was  a  perforation  of  the  thoracic  false  sac  into  the  lung. 

Review  of  the  chest  films  taken  on  the  first  admi.s.sion  indicate  that  the  possi- 
bility of  dissection  might  at  least  have  been  sugge.sted  on  the  basis  that  the 
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Case  26,  Fig.  1.  PA  projection  of  the  chest  shows  moderate  increase  in  the  transverse 
diameter  of  the  heart  with  a  globular  configuration  of  the  left  ventricular  contour.  The 
ascending  aorta  is  slightly  prominent.  The  arch  of  the  aorta,  however,  is  markedly  increased 
in  both  the  transverse  and  vertical  directions.  The  descending  aorta  swings  far  into  the  left 
pulmonic  field  in  a  continuous  conve.x  line.  The  left  leaf  of  the  diaphragm  is  somewhat 
elevated  and  straightened.  The  left  costophrenic  sinus  is  obliterated  but  there  is  no  evidence 
of  pleural  fluid.  This  film  was  taken  two  weeks  after  the  onset  of  low  back  pain. 

posterior  prominence  of  the  thoracic  aorta,  particiilai'ly  in  the  left  obHque  pro- 
jection, i.s  not  only  quite  marked  but  al.'^o  rather  well  localized  with  slight  notches 
above  and  below  where  it  joins  the  aortic  arch  and  descending  aorta.  The  discrep- 
ancy between  the  large  calibre  of  the  aortic  arch  and  the  descending  aorta  and  the 
relati\'ely  normal  size  of  the  a.scending  aorta  probably  also  de.serves  emphasis. 
While  the.se  findings  are  not  completely  diagnostic,  nevertheless  the  suggestion 
of  dissection  should  be  made  in  order  that  clinical  confirmation  might  be  ob- 
tained. Roentgen  e\'idence  of  di.s.section  is  more  ea.sily  demonstrable  in  the 
thoracic  than  in  the  abdominal  aorta.  The  acute  on.^et  of  back  pain  which  ma^- 
be  the  only  prominent  clinical  finding  must  then  be  i-ecognized  as  extension  of 
dissection  into  the  abdomen. 

Final  Diagno.sis:  Dissectixg  aneurysm  of  aorta. 
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Case  26,  hiu.  2  Loft  aiitPiior  ol)Ii(iup  projection  of  the  chest  with  haiiuni  in  the  esonh- 
jiKUs  again  shows  the  maike.i  meicase  in  tlie  diaineter  of  the  descending  aorta  with  a  rather 
localize^l  eccentric  hi.lfjing  occni)ying  most  of  the  h-ft  and  posterior  as,)ect  of  tlie  thoracic 
aor  a.  Ihere  is  a  slight  abrupt  angulation  at  the  junction  of  this  area  with  the  arch  of  the 
aorta  proximally  and  with  the  descending  aorta  distallv  (arrows  i.  No  calcification  was 
noted  111  the  aorta. 


CASE  XO.  27 

The  first  admission  of  this  patient  to  the  hospital  was  on  .May  29,  1!):)4.  At 
that  time  she  was  a  60  year  old  female  who  complained  of  intermittent  ;ih- 
dominal  pain.  G.l.  .series  demonstrated  a  deformed  dnodenal  bulb.  However, 
fi\  e  years  before  admi.ssion  a  "spot  on  the  liniK"  had  been  disco\  ered  and  repeat 
films  of  the  che.st  had  been  taken  at  approximately  yearly  intervals.  There  was 
an  occa.sional  nonproductive  cough  in  the  winter  time.  Except  for  this,  the 
patient  had  no  symptoms  attributable  to  the  lungs.  It  is  .said  that  the  last  film 
of  the  chest  had  suggested  that  the  '"spot"  was  enlarging.  On  admi.ssion,  the 
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Case  27,  Fig.  1.  Examination  of  the  chest  in  the  PA  projection  shows  an  ovoid  density 
with  its  base  apparently  against  the  thoracic  cage  which  appears  sharply  demarcated.  Its 
medial  aspect  is  slightly  serrated. 


Case  27,  Fig.  2.  Lateral  projection  at  the  same  time  as  Fig.  1  shows  the  ovoid  density  to 
be  sharply  demarcated  throughout.  Its  posterior  margin  is  pointed  while  its  anterior  aspect 
appears  roimded.  In  this  and  in  the  oblique  projections,  the  most  likely  location  appeared 
to  be  within  the  lateral  mid-portion  of  the  interlobar  fissure. 
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temperature  of  the  patient  was  102°F.  hut  this  promptly  dropped  to  normal  in  a 
day.  The  sedimentation  time  was  28  nun.  in  one  hour  on  one  occasion  and  o4  on 
another  occasion.  Roentgen  examination  of  the  chest  (Figs.  1,  2)  showed  a  well 
demarcated,  somewhat  ovoid  homogeneous  den.sitj'  about  I}  -)  inch  in  its  maxi- 
nuun  diameter  apparently  located  in  relationship  to  the  great (>r  fissure  on  the 
left  side.  The  app(>arancc  sugg(v-;ted  an  encapsulated  interlobar  effusion  or  so- 
called  "pseudo-tumor".  In  the  ab.-^ence  of  symptoms,  the  patient  dccliiied  ojMMa- 
tive  intervention. 

The  patient  was  readmitted  on  April  Itl,  1!)57.  There  were  no  symptoms  specifi- 
cally attributable  to  the  lungs  but  the  patient  complained  of  some  weakness 
and  occasional  excess  of  perspiration  at  night.  There  was  no  history  of  any 
febrile  course.  Re-examination  of  the  chest  (Figs.  3,  4,  5)  demonstrated  that  the 
shadow  previoush'  seen  had  more  than  doubled  in  size  within  the  preceding 
three  j'ears. 

The  patient  underwent  thoracotomy  and  a  freely  mobile  mass  in  the  intei- 
lobar  fissure  in  the  left  mid-axillary  line  was  fo\md  which  was  attachetl  to  the 
lingular  portion  of  the  left  upper  lobe  by  a  flat  pedicle.  The  ma.ss  was  about  (i 
cm.  in  diameter,  smooth  and  firm.  The  pathological  report  was  polypoid  fibroma 
of  the  pleura. 

Final  Diagnosis:  Polypoid  fibisoma  of  thk  visceral  pleura  ix  the  inter- 
lobar FISSURE. 


Case  27,  Fic.  3.  Re-examination  three  years  after  Fig.  1  again  show.s  the  homogeneous 
density  which  is  sharply  demarcated  but  has  more  than  doubled  in  size.  The  superior  aspect 
appears  somewhat  lobulated. 
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Case  27,  Fig.  5.  Right  anterior  oblique  projection  shows  exquisite  sharp  demarcation  of 
the  entire  mass. 
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CASM  XO.  28 

This  was  the  socoiui  admission  of  a  (>()  y(>ar  old  woman  witli  tlic  chiof  com- 
plaint of  j)rof!;n'ssi\-e  difhculty  in  \  ision.  Her  first  achnission  was  three  years 
prexiously.  At  that  liiue  she  <i;a\('  a  history  that  nine  years  prior  to  h(>r  first 
admission  there  liad  been  an  episode  durinji;  which  she  was  imahh'  to  }i;rasp 
ol)jects  with  her  left  hand.  Three'  years  prior  to  this  admission,  she  coinphiined 
that  the  left  side  of  her  face  did  not  appear  to  he  straight,  particularly  when  she 
smiled.  A  year  after  this,  there  was  a  sudden  on.set  of  diplopia  and  sticking  pain 
in  lier  left  eye.  Paralysis  of  the  left  inferior  ol)li(iue  aiul  left  supei  ior  rectus  muscles 
were  demonstrated  at  that  time.  \  isual  acuity,  however,  was  20/20  in  each  eye 
with  correction.  Xeurolofiical  examination  done  shortly  aftei'  this  also  re\eale(l 
nystagmus  and  the  impre.-<sion  at  that  time  was  that  the  patient  had  mid-hraiii 
disease  presumably  on  a  \ascular  basis.  During  the  patient's  Hrst  admission, 
there  was  also  exidence  of  decreased  corneal  refle.x  in  the  left  eye;  the  jaw  was 
deviated  to  the  left  and  there  was  weakness  of  the  left  mas.seter  and  temporal 
niu.M'le  with  a  sligiit  left  lid  drop.  Hypesthe.sia  to  pinprick  was  noted  over  the 
left  side  of  the  face.  Hoentgen  examination  of  the  skull  and  sinuses  was  not  re- 
markable. C'erebial  arteriography  demon.strated  an  aneurysm  about  1  cm.  to 
1.5  cm.  in  diameter  in  the  parasellar  region  on  the  left. 

The  second  admission  of  the  patient  was  in  December  19o(i  becau.se  of  progres- 
si\  e  difhc;ilty  in  \  ision.  She  had  l)een  relatively  unchanged  since  the  pre\-ious  ad- 
mi.-<sion  up  to  about  six  weeks  prior  to  the  current  admission  when  she  noted  that 
\'ision  in  the  left  eye  was  l)ecoming  progressi\-ely  poorer.  Xeurological  exami- 
nation showed  the  findings  pre\-iously  noted  and  in  addition  the  left  eye  at  this 
time  was  immobile.  The  left  pupil  wa.s  dilated  and  fixed.  Hypesthesia  o\'er  the 
left  side  of  the  face  was  more  marked.  The  left  corneal  reflex  was  ab.sent.  There 
was  atrophy  of  the  temporalis  and  masseter  muscles  on  the  left.  Msual  acuity 


C'.\sE  2<S,  Fig.  1.  Po.stero-anterior  view  of  the  orbit.^  .shows  a  punched-oiit  defect  about 
1 .5  cm.  in  diameter  in  the  medial  portion  of  the  greater  wing  of  the  .sphenoid  obliterating  the 
superior  orbital  fissure.  The  superior  margin  of  this  defect  involves  the  lesser  wing  as  well 
which  shows  a  sharply  demarcated,  arcuate  contour,  conve.x  superiorly. 
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Case  28,  Fig.  2.  Base  view  of  the  skull  demonstrates  that  the  Vjony  defect  in  the  greater 
wins  of  the  sphenoid  extends  laterally  to  the  foramen  spinosum  (lateral  arrow)  and  poste- 
riorly- to  involve  the  anterior  aspect  of  the  ti])  of  the  petrous  pyramid.  The  foramen  lacerum 
was  also  widened  and  the  adjacent  margin  of  the  clivus  is  decalcified.  There  is  another 
arcuate  bonj-  line  about  em.  medial  to  the  margin  of  the  clivus  (medial  arrow)  which 
presumaVjly  represents  the  medial  extent  of  the  bone  erosion. 


Case  28,  Fig.  3.  Optic  foramen  view  shows  that  the  large  defect  includes  the  inferior 
margin  of  the  optic  foramen. 

was  markedly  diminished  on  the  left  side  especially  in  the  temporal  field.  Lumbar 
puncture  showed  the  protein  content  to  be  75  mgm.  per  cent.  On  prev  ious  admis- 
sion protein  content  of  the  lumbar  fluid  was  35  mgm.  per  cent. 

Examination  of  the  skull  (Figs.  1,  2,  3)  showed  a  sharply  demarcated,  punched- 
out  bony  defect  in  the  greater  wing  of  the  .sphenoid  involving  the  optic  foramen 
and  extending  laterally  and  po.steriorly  to  involve  also  the  foramen  ovale.  The 
anterior  aspect  of  the  apex  of  the  left  petrous  pjTamid  also  appeared  to  be  eroded 
Cerebral  angiogram  (Fig.  4)  was  repeated  and  demon.strated  that  the  opacified 
portion  of  the  aneurysm  had  become  about  twice  as  large  as  on  the  previous 
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Case  28,  Fig.  4.  Left  carotid  angiogram  shows  filling  of  a  large  aneurysm  in  the  parasellar 
region.  The  elongated  vertical  course  of  the  suprasellar  portion  of  the  carotid  artery  and 
the  iiigh  take-off  of  the  anterior  middle  cerebral  vessels  demonstrate  that  the  nonvisualized 
or  clotted  portion  of  this  aneurysm  is  considerably  larger  than  the  portion  opacified.  The 
actual  origin  of  the  aneurysm  is  somewhat  uncertain.  In  the  AP  projection  (not  shown),  it 
appeared  to  rise  from  the  parasellar  portion  of  the  carotid,  that  is,  the  inferior  portion  of 
the  si])hon. 

examination.  The  distal  portion  of  the  siphon  was  also  elongated  \'ertifally.  It  is 
of  interest  to  note  that  the  portion  of  the  aneurysm  associated  with  the  Ijony 
defect  apparently  was  not  opacified  and  contained  clotted  blood. 

Operati\-e  intervention  was  declined  by  the  patient.  She  was  di.scharged  with- 
out evidence  of  any  change  as  a  result  of  the  hospital  stay. 

Final  Diagosis:  Aneurysm  of  ixtekxal  carotid  artery  with  erosion 
OF  the  sphenoid  bone. 

CASE  NO.  29 

This  was  the  sixth  admission  of  a  41  j^ear  old  postal  clerk  with  known  hemo- 
philia due  to  AHG  deficiency.  Previous  admissions  were  for  recurrent  hemathroses 
of  the  elbows  and  knees  and  hematuria  on  several  occasions.  The  patient  always 
responded  well  to  fresh  frozen  plasma.  Two  days  prior  to  this  admission  patient 
had  a  hea\-y,  greasy  meal  with  fi\-e  or  six  ounces  of  alcohol.  Twenty-four  hours 
prior  to  admission,  he  complained  of  periumbilical  pain  followed  in  about  four 
hours  by  nausea  and  vomiting.  The  vomitus  contained  food  but  apparently  no 
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blood.  A  small,  loose  bowel  movement  also  occurred  at  the  same  time  without 
e\'idence  of  gross  blood  within  it.  The  pain  became  progressive  and  radiated  to 
the  lower  abdomen  particularly  the  right  lower  quadrant.  On  examination,  the 
patient  was  in  moderate  distress.  The  abdomen  was  somewhat  di.stended  and 
there  was  inoderate  rigidity  with  \  oluntary  and  involuntary  guarding,  deep  and 
rebound  tenderness  on  the  right  side.  Tenderness  was  maximal  at  McBurney's 
point.  One  obser\-er  was  suspicious  of  a  mass  in  the  right  lower  quadrant.  Rectal 


C.\SE  29,  Fig.  1.  Film  ^>^  i  he  alxldiufii  taken  on  admission  shows  a  hemispherical  soft 
ti.ssue  densi'tv  projecting  into  the  cecum  from  its  medial  wall  (arrow)  interpreted  as  marked 
thickening  of  the  ileocecal  valve.  Multiple,  air  containing,  loops  of  small  bowel  in  the  abdo- 
men suggest  a  mild  paralytic  ileus. 
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Case  29,  Fu;.  2.  Barium  enema  exaiuiiiation  four  days  after  admission.  There  was  marked 
delay  in  J)arium  entering  the  terminal  ileum  wliic-h  appears  markedly  narrowed  (arrow)  and 
irregularly  filled.  The  appendix  was  visualized  in  its  norm.il  ])()sition. 

examination  was  negative.  Stool  guaiac  on  admi.ssion  was  negati\  e.  Clotting  time 
was  more  than  90  minutes.  Bleeding  time  was  two  minutes.  Rumpel-Leede  test 
was  negative.  Clot  retraction  appeared  to  he  normal.  Hemoglobin  was  Ki  grams 
per  cent,  WBC  10,000  per  cu.  mm.  with  o  normal  difi'erential  count.  Erythrocyte 
.<edimentation  time  was  40  mm.  in  one  hoiu-. 

The  patient  was  afebrile  and  in  the  absence  of  leucocytosis,  it  was  felt  that  the 
abdominal  .symptoms  pre.sumably  were  on  the  l)asis  of  intraabdominal  l)leeding. 
Six  hours  after  infu.^^ion  of  two  units  of  fre.^^h  frozen  plasma,  the  clotting  time  was 
2.5  minutes  and  the  patient  impro\-ed  rapidly.  He  ceased  to  complain  of  pain  and 
his  abdomen  became  softer  with  little  or  no  tendernes.s.  Within  three  days,  the 
patient  was  completely  asymptomatic.  A  stool  examination  three  days  after 


92 


KAIJIOLOGU  AL  NOTES 


admission  was  reported  four  plus  guaiac  and  three  da\'s  later  was  guaiac  nega- 
tive. 

Barium  enema  and  baiium  meal  examinations  were  done  on  this  patient 
during  his  hospital  stay  and  after  discharge  (Figs.  1,  2,  3,  4).  On  admi.ssion,  a 
film  of  the  abdomen  showed  moderately  distended,  air  containing  loops  of  small 
bowel  in  the  mid-abdomen.  A  hemispherical  soft  tissue  ma.ss  projecting  into  the 
lumen  of  the  cecum  on  its  medial  aspect  was  also  noted  (Fig.  1).  Barium  enema 
e.xamination  four  daj's  after  admission  showed  great  difficulty  in  filling  the 
terminal  ileum  despite  considerable  effort  to  do  so.  A  small  amount  of  barium 
finally  passed  the  ileocecal  valve  and  outlined  a  markedly  narrowed,  irregularh^ 
filled  terminal  ileum  (Fig.  2).  The  appendix  was  demon.strated  in  its  normal  lo- 
cation. Two  days  after  the  barium  enema  examination,  a  .small  bowel  series 
.showed  greater  but  still  limited  disten.sibility  of  the  terminal  ileum  (Fig.  3A). 
The  borders  of  the  terminal  ileum  were  grossly  scalloped  for  a  distance  of  about 


Case  29,  Fig.  3.  Barium  meal  examination  two  days  after  the  barium  enema. 
Fig.  3A.  The  terminal  ileum  (arrow)  shows  limited  distensibility  with  irregularly  scal- 
loped contours. 
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Fig.  3B.  Pressure  film  of  terminal  ileum  shows  thick  but  ai)i)arently  intact  mucosal  pat- 
tern. There  is  a  suggestion  of  a  mass  or  mesenteric  thickening  in  the  angle  between  the 
ileimi  and  medial  wall  of  the  cecum.  The  appendix  is  well  seen  and  is  normally  located. 

31 2  inches  from  the  ileocecal  valve.  Pressure  films  of  the  terminal  ileum  indi- 
cated that  the  mucosal  pattern,  while  thickened,  was  nevertheless  intact  (Fig. 
3B).  There  was  a  suggestion  of  a  mass  or  mesenteric  thickening  between  the 
ileum  and  cecum.  Barium  enema  five  weeks  after  admission  showed  an  essentially 
normal  terminal  ileum  (Fig.  4). 

The  changes  in  the  terminal  ileum  and  ileocecal  valve  were  interpreted  as 
due  to  intramural  and  mesenteric  bleeding  and  hematoma  formation.  The  course 
of  events  confirmed  this  opinion. 

Final  Diagnosis:  Intramural  hematom.v  of  tp:rminal  ileum  and  ileocecal 

VALVE  due  to  hemophilia. 
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Case  29,  Fig.  4.  Barium  enema  examination  one  iu(jntii  after  Fig.  3  sho\v.-<  normally  dis- 
tensible terminal  ileum.  Apparent  filling  defects  are  due  to  fecal  content. 

CASE  XO.  30 
(Submitted  by  Donald  Gribetz,  M.D.) 

G.  K.,  a  ten  year  old  white  male  child  wa.s  admitted  to  The  Mount  Sinai 
Hospital  in  ^lay  1953  with  the  chief  complaint.s  of  short  stature,  anorexia  with 
poor  weight  gain  and  urinary  findings  indicative  of  diminished  renal  function. 
The  poor  appetite  of  this  child  had  been  noted  as  an  infant  although  obvious  re- 
tardation in  growth  and  weight  was  not  remarkable  until  the  age  of  four  years. 
A  urinah'sis  was  not  performed  until  the  age  of  9^4  years  and  re\  ealed  a  trace  of 
albumin,  pyuria  and  a  low  .specific  gra\'itj'. 

Physical  examination  showed  the  child  below  the  mean  in  both  height  and 
weight  by  four  standard  deviations.  His  head  appeared  to  be  relatively  enlarged. 
An  apical  .systolic  murmur  was  pre.sent;  blood  pre.ssure  was  120/85.  The  child 
was  alert  and  appeared  quite  bright.  Urinalysis  confirmed  the  presence  of  al- 
buminuria and  pyuria.  Blood  urea  nitrogen  was  46  mgm.  %;  serum  calcium, 
15.8  mgm.  %;  serum  pho.sphorus,  4.4  mgm.  %;  and  serum  alkahne  phosphatase, 
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8  K.A.  units  %.  The  roentgen  findings  will  l)e  detailed  below  but  included  nephro- 
calcinosis. 

The  possibility  of  hyperparathyroidism  was  considered  despite  the  fact  that 
the  24  hdur  urinary  excretion  of  calcium  on  a  Bauer-Aub  diet  w^as  normal.  In 
June  1954,  on  exploration,  three  normal  parathyroids  were  exposed  and  two  of 
these  were  remo\'ed.  The  fourth  parathyroid  gland  was  not  demonstrated. 
f  Since  discharge  from  the  hospital,  this  child  has  been  followed  over  a  period  of 
4:}i  years.  Clinically,  there  have  been  no  remarkable  complaints  and  in  fact  the 
child  showed  an  adolescent  growth  spurt  during  which  he  achieved  normal 
height  and  weight.  The  serum  calcium  level  has  gradually  fallen  almost  to  normal 
limits  despite  no  specific  therapy  but  his  blood  urea  nitrogen  has  remained  ele- 


Case  30.  Fig.  2.  Several  rather  faint  transverse  bands  of  increased  density  are  seen  in  the 
distal  portions  of  the  shafts  of  both  tibiae.  These  are  rather  poorly  demarcated  and  located 
at  some  distance  above  the  epiphyseal  plates.  The  epiphyseal  plates  appear  to  be  somewhat 
irregular  in  outline  but  the  adjacent  bone  density  must  be  considered  to  be  within  normal 
limits.  There  is  a  question  of  minimal  cortical  thickening  of  the  shafts,  particularly  of  the 
lateral  aspects  of  the  fibulae.  A  short  distance  below  the  superior  epiphyseal  plate  of  the  left 
tibia  on  its  lateral  aspect  there  is  a  small  lucent  zone  with  sharply  sclerotic  somewhat  scal- 
loped periphery  which  has  the  appearance  of  a  cortical  or  Cafi'ey  defect. 
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vatod.  Band  keratopathy  and  conical  calcifications  were  dcnioiistratcd  durinj;; 
this  period. 

r{oent<>en  oxainiiiation  durin}>;  hospitalization  in  i!)")^  showed  several  unusual 
features.  Throuohout  the  tlura  of  the  i)rain  (I'lg.  1),  there  were  innunieiahle 
calcific  pla<iues.  Thv  hones  of  the  cahaiiuni  appeared  to  l)e  moderately  thick- 
ened althou<>h  the  base  of  the  skull  did  not  appear  unusual.  The  development  of 
the  teeth  and  the  lamina  dura  did  not  appear  remarkable.  The  sella  turcica  was 
within  noi'inal  limits.  The  heart  and  lungs  were  normal.  Examination  of  the 
abdomen  showed  innumerable  punctate  calcific  deposits  in  the  parenchyma  of 
both  kidneys.  The  renal  outlines  were  within  normal  limits  in  regard  to  size. 
In  the  distal  portions  of  the  .shafts  of  both  tibiae  (Fig.  2)  there  were  several 
transverse  bands  of  increased  density.  In  the  upper  end  of  the  shaft  of  the  left 
tibia,  a  .short  distance  below  the  epiphyseal  plate,  there  was  a  small  area  of 
rarefaction  with  a  sharply  sclerotic  scalloped  contour.  There  was  a  (juestion  of 
minimal  cortical  thickening  in  both  tibiae  and  fibulae.  The  epiphyseal  plates  were 
somewhat  ii'regular  in  outline.  In  the  lower  portions  of  the  shafts  of  the  femora 
moderately  extensive  areas  of  irregular  calcification  within  the  medullary  cavity 
were  noted  (Fig.  3).  A  similar  small  area  was  seen  in  the  distal  portion  of  the 
shaft  of  the  right  ulna.  The  laminae  of  the  sacrum  were  absent  and  no  centers 
of  ossification  for  thecoccyx  were  noted.  The  development  of  thecarpal  centers  was 
distinctly  retarded.  This  was  most  evident  in  the  navicular  and  the  greater  and 
lesser  multangular  bones  and  in  the  distal  ulnar  epiphj^ses,  whereas  the  other 
carpal  bones  were  only  moderately  retarded.  Similar  retardation  in  the  growth  of 
the  epiphyseal  centers  was  present  at  both  elbow  joints  but  no  retardation  in 


C.\SE  30.  Fig.  3.  The  lower  ends  of  the  femora  show  irregular  intramedullary  calcification 
characteristic  of  bone  infarcts.  The  appearance  of  the  epiphj^seal  plates  is  similar  to  those 
of  the  ankles. 
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epiphyseal  development  was  evident  at  the  shoulders,  knees  or  ankle  joints. 
It  should  be  emphasized  that  there  was  no  evidence  of  any  diffuse  demineraliza- 
tion  or  of  generalized  excessi\'e  bone  density. 

Re-examination  of  the  abdomen  11-2  years  after  discharge  from  the  hospital 
showed  no  change  in  the  nephrocalcino«i.s.  Re-examination  of  the  skeleton  showed 


Case  30.  Fig.  4.  F]xamination  of  the  toes  of  the  right  foot  1'^  year.s  after  admis.-^ion  to  the 
hospital  shows  marked  increase  in  bone  densitj'  of  the  epiphyses  of  the  distal  phalanges  of 
the  2n(l  and  3rd  digits.  Identical  findings  were  present  on  the  opposite  side  and  also  in  the 
similarly  located  epiphyses  of  the  2nd  and  5th  digits  of  the  right  hand  and  the  3rd,  4th  and 
5th  digits  of  the  left  hand. 


C.\SE  30.  Fig.  5.  Re-examination  of  the  toes  of  the  right  foot  14  mont  hs  after  the  previous 
e.xamination  shows  that  the  increased  density  of  the  epiphyseal  plates  of  the  terminal  pha- 
langes has  diminished  and  is  now  ccjnfined  to  the  central  portions  of  the.se  discs. 
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diiniiiutioii  in  size  of  ihc  hone  iiitaicts  in  tlio  Icinora.  The  cortical  detect  in  the 
upper  portion  of  the  left  tii)ia  had  disappeared.  Tlie  development  of  the  bony 
centers  at  the  elbows  and  the  wrists  was  still  delayed  hut  to  a  lesser  decree. 
On  this  examination,  the  toes  and  hngers  weie  included  and  it  was  evident  that 
several  of  the  epiphyses  of  the  distal  phalaiiffesin  both  thehands  and  thefeet  were 
extremely  dense  (I'is- 

He-examination  ei<iht  months  aftei-  the  second  roentgen  examination  showed 
a  rather  remarkable  spuit  in  the  i)()ne  age  at  the  \vrists  and  elbows  which  now 
appeared  to  be  within  normal  limits.  The  exce.ssi\  e  density  of  the  epiphyses  of  the 
distal  phalanges  in  the  fingers  and  hands  was  diminished  (l''ig.  5).  The  transverse 
bands  of  increased  density  in  thv  distal  portions  of  the  tibia  had  been  only  faintly 
seen  on  the  second  examination  and  were  absent  at  this  time.  Only  a  faint  indi- 
cation of  the  bone  infarct  in  the  left  femur  remained. 

A  fourth  examination  of  the  skeleton  was  performed  about  four  years  after 
the  original  examination.  The  excessi\  e  calcification  of  the  epiphyses  of  the  termi- 
nal phalanges  in  the  fingers  and  hands  had  disappeared  completely  and  there  was 
no  evidence  of  the  previous  bone  infarcts.  The  nephrocalcinosis  and  the  dural 
calcification  were  unchangetl.  A  new  finding  at  this  time  was  the  presence  of 
fairly  well  demarcated,  symmetrical,  somewhat  circular  areas  of  increased  density 
in  the  superior  metaphyses  of  the  tibiae  (Fig.  (>). 

The  correct  diagnosis  in  this  case  was  not  realized  until  about  four  years  after 
the  original  work-up.  It  was  then  evident  that  the  findings  corresponded  to  the 


C.\SE  .30.  Fi<;.  (3.  tvximiin.it  i(jn  of  the  knees  4  years  after  the  original  work-up  sfiows  for 
the  first  time  symmetric-al,  moderately  well  demarcated  ovoid  areas  of  increased  hone  den- 
sity in  the  metaphyses  of  t  he  upper  ends  of  hot  h  t ihiae.  This  is  a  surprising  finding  in  view 
of  the  fact  that  the  changes  previously  noted  in  the  bones  had  disappeared  and  in  view  of 
the  diminution  in  the  hypercalcemia.  Its  significance  is  not  clear  at  the  present  time. 
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condition  now  being  designated  ais  "Idiopathic  Hypercalcemia".  Thi.s  child  must 
be  considered  to  suffer  from  the  chronic  form,  in  contrast  to  the  transitory  variety. 
Despite  this,  however,  he  has  done  extremely  well  with  reversal  of  bone  changes 
and  correction  of  retarded  growth  as  well  as  impro\'ement  in  the  hypercalcemia. 
He  also  fails  to  show  the  mental  retardation  previously  considered  characteristic. 
However,  in  view  of  the  persistent  nephrocalcinosis,  the  prognosis  remains 
guarded . 

Final  Diagnosis:  Idiopathic  hypercalcemia,  chro.vic  type. 

CASE  XO.  31 
(Submitted  by  Johx  E.  Moseley,  M.D.) 

G.H.  a  55  3'ear  old  colored  female  was  admitted  to  the  hospital  becau.se  of 
neurological  complaints  which  were  later  demonstrated  to  be  due  to  a  Guillain- 
Barre  syndrome.  The  routine  photoroentgen  film  of  the  chest  taken  on  admission 
revealed  a  rounded  mass  in  the  right  cardiophrenic  angle.  Re-examination  of 
the  chest  in  the  PA  and  lateral  projections  (Figs.  1,  2)  confirmed  this  finding  and 
demonstrated  that  the  densitj^  was  very  sharply  demarcated  on  all  sides  except 
on  its  mediastinal  aspect  and  contained  in  its  upper  portion  a  lucent  zone,  pre- 


Case  31 .  Fig.  1 .  PA  projection  of  the  chest  shows  a  sharply  demarcated  spherical  density 
in  the  right  cardiophreiuc  angle  with  a  lucent  area  in  its  upper  portion.  The  right  border  of 
the  heart  can  be  seen  through  this  density. 
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Case  31.  Fig.  3.  Barium  .swallow  shows  a  large  epiphrenic  diverticulum  e.xteiiding  to  the 
right  and  posteriorly. 

sumably  gas.  The  location  of  this  shadow  and  the  pre.sence  of  gas  \\-ithin  it  raised 
the  possibiUty  that  this  was  a  hiatus  hernia  extending  to  the  right  side.  The 
patient  had  no  symptoms  referable  to  the  esophagus  or  to  the  stomach.  Barium 
swallow  (Fig.  3)  demonstrated  that  the  den.sity  in  the  right  cardiophrenic  angle 
was  due  to  a  large  epiphrenic  di^•erticulum  of  the  esophagus.  There  was  no 
hiatus  hernia. 

Final  Diagno.sis:  Epiphrenic  Diverticulum 
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PATENT  DrCTUS  AHTERIOSI  S  WITH  PI  LMOXAKV 
HYPKRTKXSIOX 

LESLIE  A.  KUHN,  M.D. 
Neiv  York,  .V. 

The  syndrome  of  uiu-oinplieated  patent  ductus  arteriosus  has  been  well  de- 
scribed and  is  j^enerally  considered  to  be  one  of  the  more  easily  diagnosed  of 
congenital  cardiac  malformations.  With  the  demonstration  that  obliteration  of 
the  ductus  could  be  achieved  with  \  ery  low  mortality  and  morbidity  rates,  early 
elective  surgery  has  become  an  accepted  and  satisfactory  mode  of  ti'eatment  for 
the  usual  case  of  patent  ductus  arteriosus. 

However,  during  the  past  few  years  there  has  been  delineated  a  type  of  patent 
ductus  arterio.sus  differing  considerably  clinically,  pathologically,  physiologically 
and  in  its  therapeutic  implications  from  the  usual,  uncomplicated  ductus.  At 
present  there  have  been  a  sufficient  number  of  definitely  established  ca.ses  de- 
scribed (1-6)  to  warrant  inclusion  within  a  broad  entity  the  syndrome  of  patent 
ductus  arteriosus  with  pulmonary  hypertension. 

CLINICAL  CHARACTERISTICS 

Whereas  the  usual,  luu-omplicated  patent  ductus  arteriosus  is  generally 
asymptomatic,  symptoms  of  substernal  pain,  fatigue  and  dyspnea  occur  in 
about  75  per  cent  of  those  patients  with  pulmonary  hypertension  and  signs  of 
diminished  growth  may  be  present.  Although  similar  symptoms  may  occur  in 
association  \\nth  patent  ductus  arteriosus  with  normal  pulmonary  artery  pres- 
sure, they  are  pre.'^ent  more  fre(iuently  and  are  usually  more  severe  when  pul- 
monary hypertension  exists.  Hemoptysis  has  been  described  in  about  1.5  per  cent 
and  congestive  heart  failure,  usually  right-sided  failure,  in  one-third  of  the 
cases  (Table  I).  About  one  ([uarter  of  the  patients  with  elevated  pulmonary 
arterial  pressure  have  pulmonary  hypertension  of  sufficient  magnitude  to  cau.se 
either  intermittent  or  persistent  reversal  of  the  usual  course  of  flow  through  the 
ductus  with  the  entry  of  unoxygenated  blood  into  the  systemic  circulation  and 
the  production  of  cyano.sis  of  the  lower  extremities  or  of  the  left  upper  extremity, 
a  sign  never  observed  in  uncomplicated  patent  ductus.  These  cases  of  patent 
ductus  with  reversal  of  flow  represent  a  distinct  clinical  and  physiological  entity 
(7-12). 

The  electrocardiogram  in  uncomplicated  patent  ductus  arteriosus  may  he 
normal  or  may,  in  cases  with  large  left-to-right  .-shunts,  .show  left  ventricular 
hypertrophy.  When  pulmonary  hypertension  accompanies  the  patent  ductus,  an 
electrocardiographic  pattern  or  right  ventricular  hypertrophy  may  be  seen  in 

From  the  Department  of  Medicine,  The  Mount  Sinai  Hospital,  N.  Y.,  X.  Y. 
Presented  as  part  of  the  American  College  of  Physicians'  course  in  Recent  Advances  in 
Cardiovascular  Disease,  New  York  Cit}',  Oct.  8-12,  1956. 
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TABLE  I 


A  comparison  of  the  clinical  characteristics  in  patent  ductus  arteriosus  with  pulmonary 
hypertension  and  in  uncomplicated  patent  ductus  arteriosus 


Uncomplicated  patent  ductus 

Patent  ductus  with  pulmonar}'  hypertension 

Symptoms  and 
Signs 

Usually  none 

Occasional  substernal  pain, 

fatigue  and  dyspnea 
May  have  retarded  growth 
May  have  left  heart  failure 

Substernal  pain] 

Dyspnea  \75% 

Fatigue  J 

Right  heart  failure— 33% 

Hemoptysis — 15% 

Reversal  of  flow — 25% 

(cj-anosis  greater  in  lower  ex- 
tremities or  in  left  upper  ex- 
tremitj'J 

ECG 

Normal  or  LVH 

RVH-% 
Combined  VH— 
Rareh'  normal 

Murmurs 

Continuous  systolic  and  diastolic 

Continuous  systolic  and  diastolic 
Systolic  only 
Diastolic  only 
Xo  murmur 

X-Ray 

LVH 

Prominent  pulmonary  artery  and 
and  peripheral  pulmonary  vas- 
culature 

RVH 

Prominent  pulmonary  artery 
Peripheral    pulmonary  vascula- 
ture reduced 

Estimated  opera- 
tive mortality 

About  2% 

Left -to-right  shunt— 18% 
Right -to-left  shunt— 56% 

about  two-thirds  of  the  cases  and  evidence  of  combined  hypertrophy  in  about 
one-third.  Only  rarely  is  the  electrocardiogram  within  normal  hmits. 

The  classical  SA^stolic  and  diastolic  continuous  "machinery"  murmur,  heard 
maximally  at  the  pulmonic  area  is  a  well  recognized  diagnostic  sign  of  uncompli- 
cated patent  ductus  arteriosus.  Auscultatory  findings  are  variable  in  those  cases 
with  pulmonary  hypertension.  Either  the  usual  pulmonic  systolic  and  diastolic 
continuous  murmur,  a  systolic  murmur  alone,  a  diastolic  murmur  alone,  or  no 
murmur  may  be  heard,  depending  upon  the  pressure  relationships  between  the 
aorta  and  the  pulmonary  artery  (13).  Figures  2-4,  illustrating  pre.s.sures  obtained 
directly  from  the  aorta  and  pulmonary  artery  during  ductal  surgery,  demonstrate 
how  the  pressure  diflferential  between  the  aorta  and  the  pulmonary  artery-  may 
influence  the  auscultatory  findings.  In  Figure  1,  in  which  a  gradient  between 
aorta  and  pulmonarj^  artery  exists  in  both  .sy.stole  and  diastole,  a  typical  "ma- 
chinery" murmur  was  heard.  In  Figure  2,  direct  pressures  illustrate  a  pres.-jure 
gradient  across  the  ductus  onh-  in  sj-stole  and  in  this  case  no  diastolic  murmur 
was  noted,  whereas  in  Figure  3,  there  is  a  gradient  only  in  diastole  and  no  systolic 
murmur  attributable  to  the  ductus  Avas  heard.  In  addition,  an  apical  pre.systolic 
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Fig.  1.  Direct  :iortic  and  pulmonary  artery  pressures  obtained  during  surgery  and  re- 
corded from  a  single  baseline  at  eciual  sensitivities  in  a  case  of  patent  ductus  arteriosus  with 
ty])ical  systolic  and  diastolic  "machinery"  murmurs.  There  is  an  aortic-pulmonary  artery 
pressure  gradient  in  iioth  jiliases  of  the  cardiac  cycle  to  account  for  the  continuous  murmur. 
(Hei)roduced  through  courtesy  of  J.  of  Ai)])lie(i  Ph>-sioIogy,  11:  161,  1057). 


PATENT    DUCTUS  ARTERIOSUS 
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Fig.  2.  Direct  aortic  and  pulmonary  artery  pressures  in  a  case  of  ])atent  ductus  arterio- 
sus with  a  systolic,  but  no  diastolic  murmur.  There  is  an  aortic-pulmonary  artery  pressure 
gradient  in  svstole  but  none  in  diastole.  (Reproduced  through  courtesy  of  J.  of  Applied 
Physiology,  11:  161,  1957). 
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Fic;.  3.  Direct  aortic  and  ])ulmonar\-  arici  \  jiressures  in  a  case  of  jjatent  duct\is  arteriosus 
with  no  systolic  murmur  attributable  to  the  ductus.  Note  the  absence  of  a  pressure  gradient 
in  svstole,  which  accounts  for  this  auscultatorv  finding.  (Reproduced  through  court esv  of 
J.  of  Applied  Physiology,  11:  161,  1957). 
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Fig.  4.  An  angiocardiogram  taken  IJ^  seconds  after  intravenous  injection  in  a  case  of 
patent  ductus  arteriosus  with  reversal  of  flow.  The  descending  aorta  is  opacified  and  there 
is  dye  in  the  aortic  arch,  but  the  ascending  aorta,  left  ventricle  and  left  atrium  are  not  seen, 
evidence  that  the  ductus  is  filling  from  the  right  heart.  The  ductus  itself  is  visible  above  the 
left  pulmonarv  arter\'.  (Reproduced  through  courtesy  of  New  England  J.  of  Medicine, 
251:92.3,1954]". 

murmur,  thought  to  be  a  manifestation  of  increased  blood  flow  across  the  mitral 
valve,  may  be  heard  in  some  cases  of  patent  ductus  with  either  normal  or  elevated 
pulmonary  artery  pressure,  provided  that  the  shunt  i.s  from  left  to  right. 

ETIOLOGY 

The  pathogene.sis  of  patent  ductus  with  pulmonary  hypertension  is  not  well 
known.  In  fetal  circulation,  the  ductus  arteriosus  is  thought  to  play  an  important 
role  in  delivering  oxygenated  blood  from  the  pulmonary  artery  to  the  aorta  of 
the  fetus.  With  the  onset  of  pulmonary  ventilation,  it  is  suppo.sed  that  the  pres- 
sure relation.ships  between  the  aorta  and  the  pulmonary  artery  are  altered;  the 
pulmonary  artery  pressure  normally  declining  in  relation  to  aortic  pressure. 

After  re.spiration  commences,  the  patent  ductus  is  no  longer  functionally 
necessary  and  obliteration  normally  occurs  within  two  months,  although  rarely 
spontaneous  closure  may  occur  after  several  years.  What  initiates  the  events 
normally  seen  is  not  known,  but  persistent  patency  of  the  ductus,  at  least  in  this 
country,  shows  a  striking  relation.ship  to  maternal  rubella  contracted  in  the  first 
trimester  of  pregnancy  (14).  There  is  also  a  definite  familial  tendency.  An- 
derson (15)  reported  the  risk  figure  for  recurrence  in  later-born  siblings  at  about 
one  in  fifty. 
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Tho  jiciiosis  of  the  pulinonnrv  hypcrtcMision  is  ohsciii-c  and  several  explanations 
have  been  proposeil.  Before  accept in<2;  a  unitary  explanation,  it  should  be  I'ealized 
that  the  cases  with  reversal  of  flow  may  present  two  distinct  clinical  patterns — • 
one  in  which  the  patient  is  cyanotic  from  birth  and  the  otlier  in  which  the  patient 
is  originally  acyanotic,  with  a  left-to-rif>;ht  shunt  and  then  f2;radually  de\'elops  a 
right-to-left  shunt  and  cyanosis.  Whereas  in  the  first  instance,  changes  are  prob- 
ably present  since  birth,  in  the  second  situation  it  is  ob\  ious  that  the  circulatory 
dynamics  are  inulergoing  progressive*  alteration. 

Pathological  examination  of  the  pulmonary  \'ascular  tree  rexeals  widespread 
organic  lesions,  the  most  common  findings  IxMug  marked  intinial  pi'oliferation 
and  muscular  hypertrophy  of  the  small  and  medium  sized  arteries  and,  in  se\-eral 
of  the  cases,  organized  thrombi.  Edwards  (10)  believes  that  pulmonaiy  hyper- 
tension occurs  in  many  of  these  cases  because  of  persistence  of  the  fetal  type  of 
pulmonary  arterioles  with  thick  walls  and  narrow  lumens.  Others  have  proposed 
as  explanations  for  pulmonaiy  hypertension  the  occurrence  of  multiple  pulmo- 
nary emboli,  antecedent  pulmonary  arteritis  (2)  or  funct  ional  spasm  of  the  pul- 
monary arterioles  (17).  I'inally,  it  has  been  suggested  that  gradual  increase  in 
pulmonary  vascular  resistance  results  from  prolonged  exposure  to  an  increase  in 
pulmonary  artery  flow  and  may  represent  a  late  complication  of  an  ordinary 
patent  ductus  arteriosus  (2)  even  though  there  may  be  no  direct  correlation 
between  the  size  of  the  ductus  and  the  degree  of  pulmonary  hypertension.  Al- 
though the  normal  pulmonary  circulation  may  tolerate  large  flows  (up  to  three 
times  the  systemic  flow)  with  no  pressure  elevation  (18),  it  may  be  that  when 
there  is  pre-existing  organic  restriction  of  the  pulmonary  vessels,  relatively  small 
increases  in  blood  flow  are  accompanied  by  increases  in  pressure.  It  has  been 
postulated  that  a  rise  in  pulmonary  artery  pressure  may  itself  cause  further  con- 
striction of  the  musculature  of  the  vessels  (19)  (perhaps  due  to  nervous  impulses) 
which,  in  turn,  causes  further  muscle  hypertrophy  and  increased  \-ascular  resist- 
ance, thus  establishing  a  cycle,  the  end  result  of  which  is  reversal  of  blood  flow 
through  the  shunt.  The  element  of  functional  spasm  is  an  important  one  from  the 
standpoint  of  reversibility  of  the  process.  It  is  well  known,  for  example,  that 
shunts  through  the  ductus  may  be  intermittently  reversed  through  crying, 
exertion  or,  particularly,  hypoxia,  which  may  increase  the  pulmonary  artery 
pressure  (20).  A  transient  fall  in  aortic  pressure  will  also  produce  intermittent 
re\ersal  of  the  shunt. 

DIACiXOSIS 

As  previously  indicated,  symptoms  and  physical  findings  may  be  extremely 
variable  in  patent  ductus  with  pulmonary  hypertension  and,  although  the 
clas.sical  murmiu'  may  be  produced,  it  may  be  considerably  altered  or  absent.  An 
accentuated  pulmonic  .second  sound,  whether  or  not  a  murmur  is  present,  is 
generally  audible  as  a  manifestation  of  the  increased  pulmonary  artery  pressure. 
In  addition,  there  may  be  failure  to  elicit  a  normal,  split  pulmonic  .second  sound 
on  inspiration,  a  sign  described  by  Ciray  (21).  Normally,  pulmonic  valve  closure 
occurs  after  aortic  valve  closure,  thus  producing  a  split  pulmonic  second  sound, 
heard  best  in  inspiration.  In  cases  of  patent  ductus,  the  duration  of  contraction 
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of  the  two  \'entricle.s  mu}^  be  altered,  causing  valve  closure  to  occur  simultane- 
ously and  producing  only  a  single  sound  in  the  pulmonic  area  (13). 

Since  the  history  and  physical  findings  in  patent  ductus  arteriosus  with  pul- 
monary hypertension  may  not  adequately  distinguish  it  from  other  lesions,  it  is 
usually  necessary  to  resort  to  more  complicated  diagnostic  procedures.  If  cya- 
nosis does  occur  in  patent  ductus,  it  may  have  a  distinct,  pathognomonic  di.stribu- 
tion.  Should  the  pulmonary  arterial  pressui'e  rise  sufficienth'  to  be  greater  than 
the  aortic,  unoxygenated  blood  will  enter  the  descending  aorta  and  cyanosis 
and/or  clubbing  of  the  feet  will  occur  to  a  considerably  greater  extent  than 
occurs  in  the  upper  extremities.  Simultaneous  measurement  of  the  arterial  oxj^gen 
saturation  in  the  femoral  and  radial  or  brachial  arteries  will,  if  the  shunt  is  re- 
versed, always  show  a  lower  oxygen  content  in  the  lower  extremities  and  repre- 
sents a  most  reliable  diagnostic  procedure  for  this  condition.  In  doing  this 
procedure,  care  should  be  taken  to  use  the  right  arm  vessels  because  unoxygen- 
ated blood  from  the  pulmonary  artery  may  find  its  way  through  reflux  from  the 
aorta  to  the  left  arm  or  left  ear,  rendering  them  cyanotic  and  at  times  producing 
a  clue  as  to  the  diagnosis.  It  should  be  realized,  however,  that  there  may  be  a 
considerable  difference  in  oxygen  saturation  without  a  difference  in  detectable 
cyanosis  being  e\'ident  and,  therefore,  failure  to  observe  a  difference  in  cyanosis 
between  upper  and  lower  extremities  does  not  necessarily  mean  that  the  arterial 
oxygen  contents  are  the  same.  Direct  measiu'ement  of  the  arterial  ox^^gen  mu.st 
be  performed  in  these  situations. 

Certain  diagnostic  techniques  have  recently  been  employed  to  alter  the 
pressure  relationships  on  the  two  sides  of  the  ductus  in  order  to  change  the 
direction  of  flow  from  a  bi-directional  one  either  to  left-to-right  or  right-to-left. 
Hypoxia,  a  well-known  stimulus  to  increase  pulmonary  vascular  resistance,  has 
been  used  for  this  purpose.  It  has  been  observed  that  right-to-left  shunts  have 
been  produced  while  low  oxygen  mixtures  are  breathed  and  left-to-right  .shunts 
produced  when  100%  oxygen  is  inhaled  (20).  This  may  be  a  useful  procedure  in 
doubtful  cases  but  the  dangers  of  further  hypoxemia  in  a  cyanotic  patient  render 
careful  consideration  necessary.  It  is  also  possible  to  alter  the  direction  or  degree 
of  shunting  by  causing  a  diminution  in  peripheral  A-ascular  resistance  with  nitrites 
and  thus  increase  the  right-to-left  shunt. 

Roentgenographic  findings  in  the  uncomplicated  patent  ductus  arterio.sus  have 
been  well  described.  There  are  u.sually  slight  to  moderate  pulmonary  arterial, 
left  atrial  and  left  ventricular  enlargement  and  increased  amplitude  of  pulsations 
in  the  aorta,  pulmonarj^  artery  and  left  A-entricle.  In  about  one-half  the  ca.ses, 
locahzed  dilatation  of  the  aortic  arch,  due  to  funnel-shaped  widening  of  the 
aorta  at  the  opening  of  the  ductus,  may  occur  (22).  Other,  less  common,  findings 
in  the  con^■entional  x-ray  film  include  ring-like  aortic  calcification  at  the  ductus, 
elevation  of  the  left  main  branch  of  the  pulmonary  artery  and,  occasionally,  an 
associated  aneurysm  of  the  pulmonary  artery  (23),  although  the  relationship  of 
these  x-ray  findings  to  the  level  of  pulmonary  aiiery  pressure  has  not  been  well 
defined.  When  pulmonary  hypertension  is  associated  with  the  patent  ductus, 
there  is  u.sually  evidence  of  right  ventricular  hypertrophy.  The  pulmonary 
artery  may  be  more  prominent  than  in  the  usual  case  of  patent  ductus.  When 
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th(>  shunt  is  rovorsed,  there  may  !)(>  cx  idcnce  ol'  rcchiced  x  asculaiity  in  the  pci'iijh- 
(>rv  of  \\w  hin<>;  (24 1. 

Angiocanhoj^raphy  may  he  a  useful  (hagnostic  tecluii([ue.  The  conx'eiit ioiial, 
right-sided  intravenous  angiocardiogram  seldom  demonstrates  the  ductus 
directly  if  the  shunt  is  from  l(>ft  to  right,  hut  may  produce  indirect  findings, 
namely  reopacification  of  the  pulmonary  artery  related  to  filling  from  the  aorta 
and  a  ti'ansient  defect  in  opacification  of  the  i)ulm()nary  art(>rv  due  to  tli(>  entry 
of  non-opa(iue  hlood  from  the  aorta.  Hight-sided  angiocardiography  is  much  more 
re\-ealing  and  may  be  exceedingly  \  alual)le  whvu  the  shunt  is  i-evei-sed.  i'"igure  4 
demonstrates  the  filled  ductus  \isil)le  ahoxc  the  left  pulmonary  artery  13^^ 
seconds  after  venous  injection.  The  descending  aorta  is  densely  opacified  and 
there  is  a  small  amount  of  dye  in  the  aortic  arch,  hut  the  a.scending  aorta,  left 
atrium  and  left  ventricle  are  not  visualized,  evidence  that  the  ductus  is  filling 
from  the  right  side  of  the  heart,  a  pathognomonic  sign  of  re\'er.sal  of  How  thi'ough 
the  ductus.  More  recently,  dye  has  been  injected  .selectively  into  the  I'ight 
ventricle  and  ])ulm()nary  artery  in  .such  cases  with  clearer  visualization  of  the 
ductus  and  the  surrounding  structures  (24).  The  preferred  techniciue  for  visual- 
izing a  patent  ductus  with  a  left-to-right  .shunt  is  thoracic  aortogi'aphy  with 
injection  into  the  a.scending  aorta,  reached  through  retrograde  arterial  catheteri- 
zation, as  worked  out  by  Jonsson  and  his  as.sociates  in  Sweden  (25). 

Cardiac  cathet(>rization  may  definitely  estal)lish  the  diagnosis  of  patent  ductus 
if  the  ductus  is  entered,  an  event  which  occurs  more  commonly  when  there  is 
associated  pulmonary  hypertension,  po.s.sibly  because  the  ductus  is  usually 
wider  in  these  ca.ses.  If  the  ductus  is  not  entered  at  catheterization,  the  diag- 
nosis rests  on  gas  analysis  which,  if  the  .shunt  is  from  left  to  right,  will  show  a 
higher  oxygen  content  in  .samples  from  the  pulmonary  artery  than  from  the 
right  ventricle  and  right  atrium.  This  finding  is  not  pathognomonic  of  patent 
ductus  as  similar  results  may  be  seen  in  high  inter-ventricular  septal  defects  as 
well  as  in  aortic  .septal  defects.  The  catheterization  findings  in  patent  ductus 
may  also  mimic  those  in  ventricular  septal  defect  if  the  ductus  is  a.s.sociated  with 
pulmonary  incompetence,  producing  relati\-ely  high  oxygen  saturation  in  the 
right  ventricle  as  well  as  in  the  pulmonary  artery.  Other  findings  which  may  be 
seen  at  catheterization  in  patent  ductus  arteriosus  with  left-to-right  shunt 
include  a  localized  slight  elevation  of  the  pulmonary  artery  pressvu-e  with  an 
extra  peak  in  systole  (26),  attributed  to  inflow  from  the  aorta  to  the  pulmonary 
artery  and  an  ele\'ated  pulmonary  "capillary"  pressure,  thought  to  be  due  to 
increased  left-sided  l)lood  flow. 

Electrokymographic  studies  ha\-e  been  performed  in  a  small  number  of  cases 
of  patent  ductus  arteriosus  with  pulmonary  hypertension  (24,  2")).  Although 
there  is  some  difference  of  opinion,  in  general,  in  cases  with  left-to-right  shunt, 
the  pulmonary  artery  curve  is  described  as  showing  a  prolonged  systolic  upstroke 
and  a  dicrotic  wave  placed  high  on  the  descending  limb,  the  aortic  curve  showing 
a  low-placed  dicrotic  notch,  similar  to  that  .seen  in  aortic  insufficiency.  In  right- 
to-left  .shunts,  however,  the  aortic  curve  .shows  a  high  dicrotic  notch  and  a 
delayed  ascent. 

The  differential  diagnosis  of  patent  ductus  arteriosus  with  pulmonary  hyper- 
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tension  may  be  quite  difficult.  In  addition,  the  patent  ductus  may  frequently 
coexist  with  another  congenital  cardiac  lesion.  The  typical  continuous  s}^stolic 
and  diastolic  murmur  may  be  heard  as  well  in  aortic  septal  defects.  An  aortic 
septal  defect  will  usually  produce  a  more  vigorous  pulsation  in  the  ascending 
aorta  than  in  the  arch,  a  finding  not  seen  in  patent  ductus.  In  addition,  the 
catheter,  if  it  enters  an  aortic  septal  defect,  may  be  seen  to  emerge  in  the  ascend- 
ing aorta  and  the  tip  may  be  directed  inferiorlj^  towards  the  aortic  valve  (28), 
whereas  the  catheter  in  patent  ductus  arteriosus  enters  either  the  descending 
aorta  or  the  left  carotid  artery  via  the  aortic  arch.  Dye  dilution  curves,  inscribed 
by  sampling  blood  from  the  pulmonary  artery  after  injection  of  the  dye  into 
various  parts  of  the  aorta,  should  theoretically  aid  in  the  differential  diagno- 
sis of  these  conditions. 

If  the  typical  murmur  is  not  present,  the  auscultatory  signs  of  patent  ductus 
with  pulmonary  hypertension  may  be  simulated  by  other  conditions  associated 
with  pulmonary  hypertension,  principally  by  inter- ventricular  septal  defect 
with  pulmonary  hypertension  (Eisenmenger's  complex),  primary  pulmonary 
hypertension  or,  less  commonly,  atrial  septal  defect  with  pulmonary  hyperten- 
sion. Cardiac  catheterization  is  necessary  in  distinguishing  among  these  condi- 
tions. If  cyanosis  is  present,  its  regional  distribution  is  seen  only  with  patent 
ductus  with  reversal  of  flow  and  the  difference  in  oxygen  content  between  the 
arteries  of  the  upper  and  lower  extremities  or  between  the  right  and  left  upper 
extremities  is  diagnostic.  Improved  techniques  of  visualizing  the  ductus  angio- 
cardiographically  and  the  apparent  increased  frequency  of  entrj^  into  the  ductus 
at  catheterization  are  resulting  in  greater  frequency  of  recognition  of  this  syn- 
drome. 

TREATMENT 

Surgical  treatment,  preferabl}^  by  division  of  the  ductus,  has  come  to  be 
accepted  in  uncomplicated  patent  ductus.  The  risk  is  low,  with  overall  mortality 
at  about  2  per  cent  (25,  26),  and  the  incidence  of  death  in  untreated  ductus  from 
infection,  rupture  and  cardiac  failure  is  high,  the  average  age  of  death  in  the 
untreated  group  living  to  adolescence  being  35-38  years  in  Keys  and  Shapiro's 
data  reported  in  1943  (31).  With  the  use  of  newer  antibiotics,  death  from  infec- 
tion is  probably  less  common  at  the  present  time.  Although  the  exact  prognosis 
in  large  series  of  untreated  cases  with  pulmonary  hypertension  has  not  been 
accurately  determined,  it  is  undoubtedly  considerablj^  worse  than  in  uncompli- 
cated patent  ductus. 

There  has  been  some  difference  of  opinion  concerning  the  advisability  of 
surgery  when  there  is  associated  pulmonary  hypertension,  particularly  if  the 
shunt  is  reversed.  Since  sharp  delineation  of  the  syndrome  of  patent  ductus 
arteriosus  with  pulmonary  hypertension  has  been  relatively  recently  emphasized, 
there  is  not  an  overabundance  of  statistical  data  either  from  the  standpoint  of 
the  surgical  risk  or  the  therapeutic  result  achieved.  It  is  important  to  realize 
that  even  though  the  pulmonary  artery  pressure  is  elevated  and  that  there  may 
be  associated  organic  pulmonary  vascular  lesions,  obliteration  of  the  ductus  may 
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TABLE  II 

.4  siimiiKii  i/  of  the  repaiivd  opcralire  morlalily  in  cases  with  patent  ductus  arteriosus  and 

pulmona  nj  h  1/ per  lens  ion 
(Compiled  from  data  collected  l)y  Kills,  F.  H.  Jr.,  Kirkliii,  J.  W.,  Callahan,  J.  A.  and 
Wood,  E.  H. — Journal  of  Thoracic  Surgerj*  31:  268,  1956) 


Cases 

Deaths 

Per  cent  mortality 

Total  

102 

20 

20 

Right-to-left  shunt  

30 

16 

53 

result  ill  regression  of  the  piilinonary  artery  hypertension  and  apparent  eure  of 
the  patient  (32,  33). 

An  extensive  review  of  reported  cases  of  surgically  treated  patent  ductus 
arteriosus  with  puhnonary  hypertension  has  been  compiled  by  Ellis  and  his 
associates  (34).  Table  II  summarizes  the  data  in  this  review  and  demonstrates 
the  increased  mortality  rate  associated  with  surgical  intervention  in  these  cases, 
particularly  in  the  cases  with  right-to-left  shunt.  Generally  similar  conclusions 
were  reached  after  a  review  of  the  literature  by  Sirak  and  Humphreys  (6)  and 
after  a  poll  of  surgical  opinions  compiled  by  Waterman  and  his  associates  (30). 
Fatal  hemorrhage  from  the  ductus  or  pulmonary  artery  or  circulatory  deteriora- 
tion were  the  principal  causes  of  death.  In  general,  how'ever,  survivors  of  surgery 
exhibited  a  satisfactoiy  fall  in  pulmonary  artery  pressure. 

Many  .surgeons,  in  deciding  on  the  correct  mode  of  treatment  of  a  patent  ductus 
with  pulmonaiy  hypertension,  separate  .sharply  the  cases  of  left- to-right  from 
those  of  right-to-left  shunt.  Generally,  when  the  shunt  is  left-to-right,  early 
division  is  favored,  despite  the  increased  operative  risk  (30).  When  the  shunt  is 
from  right  to  left,  there  is  no  unanimity  of  opinion  although  most  experienced 
surgeons  do  not  favor  surgical  intervention  in  such  a  situation.  First,  the  opera- 
tive risk  is  considerably  higher.  Second,  there  are  those  who  feel  that  the  ductus 
operates  as  a  "safety  valve"  for  the  right  ventricle  and  that  obliteration  would 
result  in  further  elevation  of  right  ventricular  pressure  with  resultant  right 
ventricular  failure  (6,  7).  However,  in  some  ca.ses  such  events  have  not  occurred 
and  obliteration  of  the  ductus  has  been  successfully  accomplished  in  the  presence 
of  a  right-to-left  shunt  (34,  35).  Long-term  follow-up  studies  of  the  post-opera- 
tive pulmonary  artery  pressure  are  necessary  to  evaluate  fully  the  advisability  of 
ductal  obliteration  in  these  patients.  One  such  recently  reported  study,  eighteen 
months  following  closure  of  the  ductus,  indicated  failure  of  the  pulmonary  hyper- 
tension to  dimini.sh  (36).  For  immediate  sur\'ival,  the  critical  problem  appears  to 
be  adjustment  of  the  circulation  in  the  acute  phase  of  ductal  obliteration.  It  may 
be  that  .sudden  occlusion  of  the  ductus  places  too  great  a  stress  on  the  right 
ventricle.  It  has  therefore  been  .suggested  in  these  cases  that  the  ductus  be 
obliterated  slowly  with  careful  monitoring  of  the  effects  of  gradual  obliteration 
on  the  pulmonary  arterial  and  aortic  pressures,  since  it  is  now  feasible  to  measure 
these  pressures  during  surgery  (6,  13).  It  has  also  been  suggested  that  the  effects 
of  occlusion  of  the  ductus  by  means  of  a  balloon  be  determined  during  cardiac 
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catheterization  in  an  effort  to  determine  whether  Hgation  will  result  in  a  further 
rise  in  pulmonary  arterial  pressure  (37).  In  addition,  the  possible  use  of  hypo- 
thermia to  allow  cross-clamping  of  the  aorta  and  the  use  of  high  concentrations 
of  oxygen  (34),  phlebotomy  and  hypotension  (6)  in  an  effort  to  reduce  pulmonary 
vascular  resistance  will  probablj^  enable  more  successful  operations  to  be  per- 
formed in  the  future.  -Although  the  risks  are  at  present  great  in  these  cases,  there 
is  a  prospect  that  as  knowledge  increases  as  to  the  physiological  alterations 
produced  by  a  patent  ductus  arteriosus  with  pulmonary  hypertension,  further 
significant  advances  in  .surgical  therapy  will  be  achieved. 

SUMMARY 

There  has  recently  been  delineated  a  type  of  patent  ductus  which  produces 
alterations  differing  clinically,  physiologically,  pathologically  and  in  their 
therapeutic  implications  from  those  .seen  in  the  u.sual,  uncomplicated  patent 
ductus.  These  cases  have  been  included  Avithin  a  broad  entity — the  .syndrome  of 
patent  ductus  arterio.sus  with  pulmonary  hypertension,  characterized  pathologi- 
cally by  intimal  thickening  and  medial  hypertrophy  in  the  pulmonary  arterioles. 

Patients  with  this  sjnidrome  haA'e  a  poor  prognosis  and  may  frequently  ex- 
perience .substernal  pain,  fatigue,  dy.spnea,  hemoptysis  and  diminished  growth. 
Right-sided  congestive  heart  failure  maj^  occur  and  an  electrocardiographic 
pattern  of  right  ventricular  hypertrophy  may  be  obtained.  In  about  one-fourth 
of  the  cases  the  pulmonary  hypertension  may  be  of  .sufficient  magnitude  to  cause 
either  intermittent  or  persistent  reversal  of  the  usual  cour.se  of  flow  through  the 
ductus  with  the  production  of  cyanosis,  particularly  in  the  lower  extremities, 
the  cyanosis  developing  either  at  birth  or  during  the  natural  cour.se  of  an  appar- 
ently ordinary  patent  ductus.  Becau.se  of  the  altered  pressure  relation.ships 
between  the  aorta  and  the  pulmonary  artery,  the  classical  systolic  and  diastolic 
continuous  murmur  found  in  the  usual  case  of  patent  ductus  is  generally  not 
heard  when  there  is  advanced  pulmonary  hypertension;  .systolic,  diastolic  or  no 
murmurs  are  present. 

Particularly  helpful  in  the  diagnosis  of  reversed  shunt  is  the  demonstration  of 
lower  oxygen  content  in  the  femoral  arterial  blood  than  in  a  simultaneously 
obtained  right  radial  or  brachial  arterial  specimen,  or  .selective  cyanosis  of  the 
left  upper  extremity  or  left  ear.  Angiocardiography  may  demonstrate  filling  of 
the  descending  aorta  from  the  pulmonar}^  artery  in  these  cases.  Breathing  gas 
mixtures  low  in  oxygen  may  aid  in  the  diagnosis  by  cau.sing  temporary  pulmo- 
nary arterial  hyperten.sion  and  a  right-to-left  .shunt  through  the  ductus.  Lowering 
the  .systemic  pressure  may  cau.se  a  similar  directional  change  in  the  .shunt. 

It  has  been  demonstrated  that  e\  en  though  there  are  organic  changes  in  the 
lung  vessels,  obliteration  of  the  ductus  may  result  in  a  fall  of  pulmonary  artery 
pre.s.sure  to  normal.  The  operative  risk  is  higher,  however,  than  in  uncomplicated 
patent  ductus  and  in  ca.ses  with  reversal  of  flow,  the  operative  mortality  has  been 
greater  than  50  per  cent.  Generally,  surgical  intervention  is  favored  when  the 
shunt  is  left-to-right  but  is  not  advisable  when  there  is  a  right-to-left  shunt 
because  of  the  high  surgical  risk  and  the  questionable  benefit  of  ductal  closure. 
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The  uso  of  controlled  hypottMisioii  and  hif2;li  oxvficn  mixtures  conihincd  with 
caret'ul  monitoriiifj;  of  th(>  cffcM-ts  of  }j;radu:d  obliteration  of  the  ductus  on  pul- 
monary artery  and  aortic  piessures  may  peiinit  more  cases  of  patent  ductus 
with  pulmonary  hypertension  to  he  successfully  ticated  in  the  future. 
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INTKODrCTIOX 

The  following  two  cases  of  priniaiy  hemangioendothelioma  of  the  lixer  are 
recorded  here  because  of  the  rarity  of  their  occurrence  and  the  diagnostic  diffi- 
culties they  offer  to  the  clinician  as  well  as  to  the  pathologist.  The  cases  reported 
came  to  autopsy  within  a  relati\ely  short  inter\  al.  Beside  one  case  of  primary 
sarcoma  of  the  li\-er  previously  published  (1 ),  these  ha\  e  been  the  only  instances 
of  primarj'  malignant  tumors  of  the  liver  of  mesenchymal  origin  in  more  than 
10,000  autopsies  performed  at  The  Mount  Sinai  Hospital  since  1927. 

CASE  REPORTS 

Case  1 

Clinical.  W.P.  (M.S.H.  #632127),  ;i  48  year  old  Puerto  Rican  male  was  admitted  to  The 
Mount  Sinai  Hospital  on  October  13,  1951  complaining  of  abdominal  swelling  of  two  months 
duration.  At  the  same  time  he  noted  the  onset  of  shortness  of  breath  on  exertion,  weakness 
and  anorexia.  Previously  the  patient  had  been  in  apparently  good  health.  During  this  in- 
terval he  lost  15  pounds  and  occasionally  noted  dark  urine  and  light  colored  stools.  Two 
weeks  before  admission,  he  complained  of  crampy  mid-abdominal  pain  which  subsided  by 
the  time  of  admission.  The  patient  had  a  long  history  of  heavy  alcoholic  intake. 

Physical  examination  revealed  a  fairly  well  developed  but  chronically  ill  pale  male  in  no 
distress.  The  vital  signs  were  normal.  There  was  faint  scleral  icterus.  A  few  typical  spider 
angiomata  were  noted  on  the  neck.  The  lungs  presented  crackling  rales  at  both  bases  and 
the  diaphragm  was  elevated  on  both  sides.  The  left  breast  was  enlarged  and  tender.  The 
abdomen  was  markedly  distended  and  the  liver  was  percussed  three  fingers-breadth  below 
the  right  costal  margin;  the  spleen  was  not  palpable.  Shifting  dullness  was  demonstrable. 
Collateral  venous  channels  were  seen  along  the  sides'of  the  abdominal  wall.  The  remainder 
of  the  physical  examination  was  unremarkable. 

Laboratory  studies  revealed:  Hgb,  13.9  gms.  %;  WBC  varying  between  3800  and  8500 
per  cu.  mm.  with  a  normal  differential  coimt.  The  sedimentation  rate  was  60  mm/hr.  Rou- 
tine urinalysis  was  negative  but  the  urine  contained  increased  amounts  of  bile  and  uro- 
bilinogen. The  Wassermann  reaction  was  negative;  BUN,  11  mg  %;  fasting  blood  sugar, 
84  mg  %;  bilirubin,  1.6  mg  %;  total  protein,  8.0  gm  %;  \/G  ratio,  3.0/5.0;  alkaline  phos- 
phatase, 23  KA  units;  cholesterol  220  mg  %  with  esters  of  135  mg  %.  Cephalin  flocculation 
test,  34-;  thj-mol  turbidity,  17.5  units;  bromsulfalein  retention  was  46%  in  45  minutes. 
Stool  guaiac  tests  were  negative.  Electrocardiogram  was  normal. 

Abdominal  paracentesis  yielded  7.5  liters  of  turbid  amber  fluid  of  low  specific  gravity, 
negative  for  tumor  cells.  Chest  x-ray  showed  a  hemispherical  soft  tissue  shadow  along  the 
lateral  aspect  of  the  left  chest  wall  together  with  a  lytic  lesion  of  the  adjacent  sixth  rib- 
Barium  swallow  showed  extensive  esophageal  varices,  .\spiration  of  the  sixth  rib  lesion  was 
attempted  but  no  tumor  cells  were  found.  After  the  aspiration,  a  partial  left  jjneumothorax 
developed.  In  spite  of  subsequent  re-expansion  of  the  left  lung,  the  patient  d(!veloped  in- 
creasing tachypnea  and  cj'anosis  and  died  in  the  fourth  week  of  hospitalization. 
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Xecropsy.  The  sclerae  were  slightlj-  icteric.  The  left  hemithorax  contained  100  cc  of  sero- 
sanguinous  fluid.  The  liver  descended  1  cm  below  the  right  costal  margin.  It  weighed  2100 
grams.  The  capsule  was  thin  and  the  surface  showed  diffuse  granularity;  it  was  made  up  of 
1  to  3  mm  nodules  of  firm  consistency,  varying  in  color  from  red-brown  to  yellow-gray  and 
blue-gray.  Strands  of  gray  fibrous  tissue  separated  these  nodules  from  each  other,  and  wider 
bands  grouped  them  together.  The  liver  cut  with  increased  resistance.  On  cut  section,  the 
normal  lobular  architecture  was  completely  replaced  by  multiple,  ill-defined  graj'  and 
reddish-tan,  firm  1  to  3  mm  nodules  interspersed  with  numerous  2  to  4  mm  cj'stic  areas. 
These  cysts  contained  fluid  and  clotted  blood.  In  numerous  areas  the  firm  gray  nodules 
coalesced  and  displayed  a  serpiginous  infiltrating  pattern,  the  largest  measuring  5  mm  in 
diameter.  Scattered  throughout  the  parenchyma  were  nodules  of  yellowish-tan  tissue  of 
normal  consistency  showing  lobular  pattern  but  measuring  about  three  times  the  size  of  a 
normal  liver  lobule.  The  intrahepatic  bile  ducts  were  poorly  identified  but  they  were  not 
obviously  dilated.  The  major  intrahepatic  portal  radicles  showed  invasion  by  tumor, 
causing  granularity  of  the  vessel  lining  and  irregularity  of  its  lumen.  The  spleen  weighed 
150  grams  and  was  of  normal  size.  It  was  firm  in  consistency  and  on  cross  section  normal 
architecture  easily  could  be  made  out.  The  splenic  vessels  were  intact.  There  was  a  soft 
oval  swelling  on  the  posterior  aspect  of  the  6th  rib,  6  cm  in  diameter,  also  involving  the  5th 
intercostal  space  in  the  posterior  axillary  line.  (Jn  cut  section,  the  tumor  was  reddish-brown 
and  contained  some  yellow  streaks.  The  bony  trabeculae  were  completely  destroyed  in  the 
region  of  the  tumefaction  and  the  cortex  was  paper  thin. 

Microscopic  examination.  Liver:  The  normal  lobular  architecture  was  obliterated. 
Varying  sized  islands  of  liver  tissue  were  seen  widely  separated  and  invaded  bj'  a  highly 
capillarized.neoplastic  connective  tissue.  These  islands  of  liver  cells,  even  those  surpassing 
the  size  of  a  normal  liver  lobule,  showed  no  characteristic  central  veins.  The  peripheral 
triads  could  occasionally  be  recognized  and  some  of  them  were  widened  by  dense  connective 
tissue.  From  these  portal  fields  radiate  connective  tissue  strands  which  contain  numerous 
bile  duct  sprouts  and  chronic  inflammatory  cells.  Broad  bands  of  this  type  of  connective 
tissue  also  could  be  seen  without  any  relation  to  the  peripheral  fields.  The  arrangement 
of  the  hepatic  cells  was  irregular  and  the  individual  cells  showed  great  variation  in  size 
with  occasional  giant  cells  and  mitoses. 

In  certain  areas  of  the  remaining  liver  parenchyma,  the  blood  sinusoids  were  very  dilated 


Fig.  1.  Field  showing  liver  ti-  .^  i  .  a.  led  by  vascular  tumor.  The  liver  sinusoids  are  lined 
by  numerous  layers  of  malignant  endothelial  cells. 
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and  the  sinus  lining  cells  were  much  enlarged,  heinp:  thicker  and  longer  than  normal  with  a 
large  flat  liyperchromatic  nucleus  and  a  pink  homogeneous  iiulistinct  cytoplasm.  Other 
areas,  often  adjacent  to  the  above,  showed  the  liver  sinusoids  lined  1)\'  simil.ar  tumor  cells, 
but  instead  of  remaining  in  a  single  la\er  these  cells  were  ])iled  up  and  filled  the  simisoidal 
spaces  (.Fig.  1 1 . 

In  other  jjarts  these  piled  up  grou|)s  of  cells  were  seen  as  nodules  outside  the  remaining 
liver  parenchyma.  Most  of  the  tmnor  area  wa.s  composed  of  distinct  capillary  spaces  lined 
by  large  irregular  malignant  cells  as  described  above  (Fig.  2).  In  a  few  alternating  areas 
these  capillary  units  were  not  distinct  because  of  the  proliferation  of  malignant  endothelial 
cells  forming  small  cords. 

The  stroma  separating  the  capillaries  was  often  scant  and  thin  i)ut  in  other  places  the 
cai)illaries  were  rare  and  the  spindle  cellular  tumor  tissue  i)redominated.  On  closer  e.xainina- 
tion  of  the  highly  vascularized  neoplastic  areas,  one  coukl  see  that  the.\"  consisteil  of  a  ma- 
trix of  fibrillar  connective  tissue  within  which  were  embedded  spaces  containing  red  blood 
cells;  they  were  lined  by  elongated  entlothelial-like  cells  many  of  which  showed  great  varia- 
tion in  size,  shape  and  stainability. 

In  certain  fields,  the  neoplastic  tissue  was  seen  surrounding,  invading  and  progressivelj" 
breaking  up  the  remnants  of  liver  parenchyma  so  that  often  cords  of  liver  cells,  in  varying 
degrees  of  degeneration,  were  seen  in  the  midst  of  the  tumor  tissue  (Fig.  1).  The  tumor  was 
also  seen  to  invade  the  broad  septa  of  mature  connective  tissue  that  separated  the  pseudo- 
lobules,  i.e.  the  cirrhotic  bands.  In  a  section  near  the  hilus  of  the  liver,  the  angiosarcoma- 
tous  tissue  was  seen  invading  the  wall  of  the  portal  vein,  the  nerves  and  a  large  bile  duet 
branch  (Fig.  3).  There  were  a  few  areas  where  the  vascular  tumor  tissue,  instead  of  appear- 
ing as  typical  angiosarcoma,  was  represented  as  dilated  blood  spaces  appearing  as  cavernous 
angiomas;  here  the  lining  cells  were  regular  and  not  primitive. 

Rib  lesion:  There  was  a  large  area  of  similar  angiosarcomatous  tumor  tissue  replacing 
the  normal  bone  marrow  architecture.  In  a  few  i)laces  around  these  malignant  capillary 
networks  were  found  areas  of  cavernous  blood  spaces.  There  was  cell  atypism  in  and  around 
some  of  the  cavernomatous  spaces. 

In  summary,  this  case  is  that  of  a  4cS  year  old  male  with  a  diffuse  nodular  vascular  tumor 
arising  in  a  j)reviously  cirrhotic  liver.  Histologically,  the  tumor  cells  were  seen  to  originate 
from  the  endothelial  cells  of  the  liver  siiuisoids.  Varying  stages  of  difTerentiation  could  be 
noted,  the  most  highly  ditTerentiated  being  seen  in  some  sections  of  the  liver  timior  itself 


118 


CLAUDE  BLOCH 


Fig.  3.  Invasion  of  a  large  bile  'liu  t  near  the  hilus  of  the  liver  by  angiosarcomatous  tumor. 

and  in  the  bone  marrow  le.sion  where  cavernou.s  hemangiomas  develop.  The  angiosarcoma 
was  limited  to  the  liver  and  to  one  deposit  in  the  6th  rib  on  the  left. 

Case  2 

Clinical.  F.C.  (MSH  ii* 641131),  a  39  year  old  white  female,  was  admitted  to  The  Mount 
Sinai  Hospital  on  May  12,  1952  with  complaints  of  increasing  weakness  and  shortness  of 
breath.  The  patient  was  in  good  health  until  two  and  a  half  months  before  admission  when 
she  noted  the  onset  of  weakness,  palpitations,  dizziness,  dyspnea  and  occasional  epistaxes. 
Because  of  these  symptoms,  the  patient  was  admitted  to  another  hospital  where  she  was 
found  to  be  pale  and  dyspneic.  There  were  moist  rales  in  the  right  lung  and  the  liver  edge 
was  palpable  four  fingers  breadth  below  the  right  costal  margin.  Chest  x-rays  showed  in- 
filtrations and  congestive  changes  in  both  lungs.  Hemogram  revealed  hemoglobin,  9.7 
gms  %;  RBC,  3.26  millions  percu.  mm.;  WBC,  45,600  per  cu.  mm.  with  36%  segmented  and 
40%  non-segmented  neutrophils,  12%  lymphocj'tes,  6%  monocytes,  and  30,000  platelets 
per  cu.  mm.  Theicteric  index  war  22  unitg  falling  to  10  units;  urine  urobilinogen,  l:80;bleed- 
ing  time,  7  min. ;  clotting  time,  5.5  min. ;  LE  preparation,  negative.  Bone  marrow  aspiration 
showed  only  erj^throid  hyperplasia.  The  patient  was  treated  with  multiple  transfusions 
and  ACTH.  Petechiae  were  noted,  epistaxis  increased,  thrombocytopenia  worsened  and  the 
temperature  remained  elevated.  After  a  month  of  similar  treatment,  the  patient  improved 
symptomatically;  the  hemoglobin  and  white  blood  cell  count  became  normal.  She  developed 
abdominal  swelling  and  a  paracentesis  was  done  with  the  removal  of  1600  cc  of  straw  colored 
fluid.  No  tumor  cells  were  found.  Biopsy  of  a  mass  in  the  left  breast  showed  "benign  adeno- 
matosis." At  home  the  patient  experienced  progressive  difficulty  in  moving  the  left  arm  and 
leg.  Because  of  increased  weakness  and  dyspnea  she  was  admitted  to  The  Mount  Sinai 
Hospital. 

Ph\'sical  examination  revealed  an  acutely  and  chronically  ill  woman  with  normal  vital 
signs.  There  was  an  irregular,  firm,  freely  movable  mass  in  the  upper  outer  quadrant  of  the 
left  breast,  as  well  as  a  small  hard  left  axillary  node.  Bilateral  basilar  rales  were  heated  in 
the  lungs.  The  abdomen  was  distended  with  fluid;  the  liver  was  firm,  slightly  nodular  and 
descended  to  the  level  of  the  umbilicus.  The  spleen  was  not  felt.  There  was  edema  of  the 
lower  extremities.  A  complete  left  sided  hemiplegia  was  present .  The  remainder  of  the  phys- 
ical examination  was  unremarkable. 

Laboratory  studies  revealed:  hemoglobin,  9.1  gms.  %;  RBC,  1.27  million  per  cu.  mm.; 
HCT  15%,  WBC,  21,000  per  cu.  mm.  with  80%  segmented,  10%  non-segmented  neutrophils, 
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7%  lymphocytes,  8%  monocytes  and  rare  myeloblasts;  platelets,  8,0()0  per  cu.  mm.;  reticu- 
locyte count,  11.2%;  sedimentation  rate,  2  to  15  mm/hr;  BUN,  49  mg.  %;  total  protein, 
5.1  gm.  %;  A/G  ratio  2.8/2.3;  bilirubin,  2.3  mg  %  (indirect);  alkaline  pho.sphata.se,  18  KA 
units;  cephalin  flocculation  2  plus;  thymol  turbidity,  7  units;  stool  guaiac  tests,  3  to  4  plus; 
Coomb's  test,  negative;  UBC  fragility,  normal. 

The  diagnosis  was  obscure;  however,  it  was  felt  that  she  had  a  witlesjjread  malignancy 
with  the  primar\-  site  unknown.  Her  mental  status  deteriorated  rapidly.  The  icterus  in- 
creased and  serum  bilirul)iii  levels  rose  to  about  3.6  mgm%.  The  i)atient  e\|)ired  on  the  9th 
hospital  day. 

Xecropsy.  Only  the  pertinent  findings  are  included  in  the  description.  The  sclerae  and 
skin  were  slightly  icteric.  There  was  a  freely  movable,  hard,  irregular  mass  4  cm.  in  diam- 
eter in  the  upper  outer  (puidrant  of  the  left  breast.  Discrete  cervical  and  axillary  lymph 
nodes  were  present.  The  lungs  weighed  1700  grams.  They  were  fleshy  and  red  and  show  de 
creased  crepitation.  Their  surface  was  smooth  and  showed  numerous  scattered  circular 
lesions  up  to  half  a  centimeter  in  diameter;  these  were  com])osed  of  a  white  center  sur- 
roumled  by  a  hemorrhagic  rim.  The  underlying  lung  tissue  appeared  normal.  The  liver 
was  enlarged  and  weighed  2360  grams.  The  surface  was  coarsely  granular  with  ]>rominent 
depressed  scars;  the  color  was  brownish  and  it  was  firm  in  consistency.  The  nodules  on  the 
surface  measured  up  to  half  a  centimeter  in  diameter.  On  cross  section  the  lobular  architec- 
ture was  seen  to  be  completely  replaced  by  these  nodules  which  were  yellow  and  brown  in 
color;  their  centers  often  appeared  hemorrhagic.  The  major  ducts  and  blood  vessels  were 
unremarkable.  The  spleen  was  small,  weighing  70  grams.  It  was  firm  and  smooth.  On  section, 
numerous  prominent,  firm,  white  areas  were  seen  replacing  the  usual  architecture.  Only  a 
small  amount  of  pale  red  splenic  tissue  was  noted  between  these  nodular  areas.  The  splenic 
vessels  were  unremarkable.  The  small  intestinal  mucosa  showed  small,  slightly  elevated, 
widely  separated  lesions  alwa\s  ajjpearing  on  the  antimesenteric  side  of  the  bowel.  These 
lesions  consisted  of  a  soft  l)rownish  pinpoint  center  surrounded  by  a  firm  white  area  which 
in  turn  was  bordered  by  a  hemorrhagic  halo. 

M icroscopic  examination .  Liver:  The  normal  lol)ular  architecture  in  places  could  be 
recognized  with  central  veins  retaining  their  normal  relationship  to  the  portal  spaces.  How- 
ever, most  lobules  were  distorted  by  strands  of  fibrous  tissue  containing  numerous  bile 
duct  sprouts,  chronic  inflammatory  cells  and  capillary  spaces  most  of  which  were  collapsed. 


Fig.  4.  Section  of  the  liver  shouiiif;,  lit-paiic  >iiiu-(>ui.-  Iim  u  iiy  a  single  layer  of  large  flat 
cells  with  large  h>  perchromatic  irregular  nuclei  and  a  thin  rim  of  poorh'  demarcated  cj-to- 
plasm. 
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Fig.  5.  Section  of  the  liver  showing  a  fibrosing  angiomatous  portion  of  the  tumor 
where  the  knob-like  connective  tissue  projections  into  capillary  lumina  are  well  demon- 
strated. 


Fig.  6.  Islands  of  hematopoesis  located  inside  angiosarcomatous  portions  of  the  liver 
tumor. 

The  blood  spaces  were  lined  by  endothelial-like  cells  which  were  large,  irregular  and  had  a 
hyperchromatic  nvicleus.  The  blood  sinusoids  inside  the  liver  lobules  were  almost  uniformly 
lined  by  a  single  layer  of  large  flat  cells  with  large  hyperchromatic  irregular  nuclei  and  a 
thin  rim  of  poorly  demarcated  cytoplasm  (Fig.  4).  In  some  aieas  there  was  piling  up  of  these 
cells  inside  the  sinusoidal  space  to  the  point  of  obliteration  but  without  destroying  the 
hepatic  cells'  lobular  arrangement. 

Portions  of  the  tumor  were  formed  by  capillaries  which  were  separated  bj-  loose  connec- 
tive tissue  septa.  In  other  areas,  the  capillaries  were  reduced  in  number;  the  intervening 
connective  tissue  was  dense  and  knob-like  projections  were  seen  protruding  into  the  lumina 
(Fig.  5).  These  fibrosarcomatous  areas  often  could  be  seen  to  blend  into  more  vascular  parts 
of  the  tumor.  Diffusely  spread  within  the  angiosarcomatous  areas  were  small  islands  of  new 
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blood  formation  com|)iisiii{i  hot  li  hr()l)l;isi  ic  miuI  in\ cloljlasl  ic  clcnicnls,  with  I  lie  loriiici 
I)i('(loininating  (Fig.  (>). 

Sploen:  The  tumor  witliiii  the  spleen  lonued  nodules  of  v;ii\intJ  sizes  destrovinn  most 
of  tlie  normal  parencli\nia  hut  l(>avinn  intaet  the  t  i'ai)ecula(>  within  them.  The  tumor  cells 
seemed  to  originate  from  reticulum  cells  l)et\veen  the  splenic  sinuses  (Fig.  7);  the  same  de- 
velopmental steps  of  neoplastic  organization,  including  hoth  angiosarcomatous  (Fig.  7) 
and  fibrosarcomatoiis  (Fig.  cS)  elements  were  recognized.  Similar  areas  were  disseminated  in 
almost  every  microscopic  field.  I'"oci  of  hlood  formation  were  also  found  inside  the  splenic 
tumor. 

Lungs:  In  the  lungs  the  tumor  nodules  were  limited  to  the  thickened  pleura  and  septa; 
no  tumor  was  seen  in  the  parenchx  inal  portions  of  the  lungs.  The  angiosarcoma  was  iioIcmI 


Fig.  7.  Angio-sarcomatous  focus  inside  the  splenic  tissue  showing  splenic  sinuses  lined  bj' 
malignant  endothelial  cells  (lower  left  hand  corner);  relatively  tiormal  sjilenic  pulp  in  the 
upper  right  corner. 


Fk;.      Fihrosarcomalous  portion  of  the  tumoi-  inside  the  s|)leeii. 
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to  be  invading  the  wall  of  a  medium  sized  pulmonary  vessel.  Other  tissues:  In  the  vertebra 
both  typical  angiosarcomatous  and  mature  cavernomatous  areas  were  seen  replacing  the 
normal  bone  marrow.  Foci  of  hemangiosarcoma  were  also  present  in  the  fibrous  stroma  and 
fat  ti.ssue  of  the  left  breast.  The  left  axillary  lymph  nodes  were  widely  replaced  by  the 
same  vascular  tumor.  There  were  numerous  small  well  demarcated  areas  of  angiosarcoma 
in  the  mucosa  of  the  small  intestine. 

In  summary,  this  is  the  case  of  a  VJ  yeiir  old  female  with  diffuse  aiigiosarcomatosis  in- 
volving espeeialh'  the  liver  and  spleen  but  also  present  in  the  lungs,  small  intestine,  ver- 
tebra, left  breast  and  left  axillary  lymph  nodes.  In  the  liver  and  the  spleen  all  stages  of 
differentiation  from  a  single  laj'er  of  malignant  sinusoidal  endothelium  to  the  fully  de- 
veloped angiosarconiatous  tissue  could  be  traced.  The  neoplastic  deposits  in  the  other 
organs  were  made  up  almost  exclusively  of  angiosarcomatous  tissue. 

DISCUSSIOX 

A  number  of  similarities  in  the  clinical  aspects  of  these  cases  are  found.  Both 
patients'  earliest  symptoms  occurred  about  two  months  before  initial  hospitali- 
zation. Their  main  complaints  consisted  of  abdominal  swelling,  shortness  of 
breath  and  weakness;  all  symptoms  of  a  generalized  disease.  Case  1  had  features 
pointing  to  liver  involvement,  including  dark  urine  and  light  stools,  abdominal 
pain  and  weight  loss;  he  also  gave  a  history  of  heavy  alcoholic  intake.  The 
physical  examinations  were  more  helpful  in  focusing  the  attention  on  the  liver. 
Both  patients  had  definite  hepatomegaly  and  ascites  without  splenomegaly. 
Case  1  also  had  ictertis,  spider  angiomata  and  gynecomastia.  Since  this  patient 
was  found  to  have  coincidental  portal  cirrhosis,  these  symptoms  may  be  under- 
stood on  this  basis  alone.  Case  2  was  complicated  by  a  mass  in  the  left  breast 
with  left  axillary  node  enlargement  and  clinical  signs  of  a  right  sided  cerebro- 
vascular accident. 

]\Iiller  (2),  reporting  a  case  of  endothelioma,  mentions  that,  in  the  adult  cases 
of  primary  vascular  hepatic  sarcomas  described  prior  to  1939,  the  most  freciuent 
signs  and  symptoms  were  hepatomegaly  and  progressive  loss  of  weight  and 
strength.  Ascites  was  present  in  about  half  the  cases  and  dilated  abdominal 
veins  in  one  third  of  the  cases.  Other  common  findings  were  enlargement  of  the 
abdomen,  constipation,  hemorrhoids  andjatmdice.  Hastings-James  (3)  describes 
a  typical  vascular  hum  heard  on  auscultation  over  the  hepatic  region  with  a 
respiratory  accentuation  as  being  helpful  in  the  diagnosis. 

The  livei^unction  tests  in  both  our  cases  showed  hyperbilirubinemia,  positive 
cephalin  flocculation  and  a  slightly  elevated  alkaline  phosphata.se.  In  Case  1, 
these  were  accompanied  by  a  i-e\'ersal  of  the  A  'G  ratio,  increased  brom.sul- 
falein  retention,  high  thymol  tiubidity  and  increased  urinary  urobilinogen. 
These  are  easily  explained  by  the  coexisting  cirrhosis  found  at  autopsy.  In 
neither  case  did  the  cell  block  examination  of  the  ascitic  fluid  reveal  tumor  cells. 
Case  2  had  a  se\^ere  anemia,  a  moderate  leukocytosis  with  a  shift  to  the  left 
and  an  unexplained  se\-ere  thi'ombocytopenia.  A  lytic  le.sion  of  the  posterior 
aspect  of  the  6th  rib  on  the  left  was  demonstrated  which  was  correctlj'  inter- 
preted clinically  as  a  metastasis.  In  neither  of  our  two  cases  was  the  diagnosis  of 
hemangioendothelioma  entertained  clinically.  Case  1  was  thought  to  represent 
decompensated  portal  cirrhosis.  The  presence  of  the  lytic  rib  lesion  made  the 
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cliiiiciaus  suspect  cither  a  licpatonui  oi'  a  coincidental  iic()j)lasin,  piiinary  site 
unknown.  Case  2  was  regarded  as  a  far  achanced  nialisnaiicv  with  the  piiniary 
site  probably  in  the  left  lireast. 

Patliologicahy  tlie  two  cases  described  confoi'iu  ch)sely  to  the  ciiteria  laid 
(h)wn  by  Herxheimer  for  the  diagnosis  of  hemaiigioendothelioina  of  the  li\-er. 
In  1080  he  (4)  rex  iewed  149  cases  of  primary  liver  sarcomas  published  in  the 
world  literature  until  then;  of  these  lie  accepted  only  67  as  being  genuine  cases. 
More  than  half  were  excluded  becau.se  of  the  incompleteness  of  the  jjathological 
investigation.  Numerous  others  had  neoplasms  in  sites  other  than  the  li\-er,  all 
of  which  were  more  likely  to  be  the  locus  of  the  primary  malignancy.  .V  third 
category  was  excluded  because  the  authoi-  felt  that  the  tumors  which  were  pri- 
mary in  the  liver  w(m-(>  carcinomas  and  not  .sarcomas.  The  author  further  pointed 
out  that  any  .sarcoma,  not  necessarily  aiigio.sarcoma,  can  be  vascular  with  malig- 
nant cells  inside  and  .surrounding  blood  vessels.  Herxheimer  stresses  that  the  all 
important  feature  of  hemangioendothelioma  of  the  liver  is  the  ability  to  find  a 
continuum  between  the  normal  lining  sinu.soidal  endothelial  cells  and  the  large 
atypical  neoplastic  endothelial-like  cells  lining  the  li\-er  sinusoids.  This  very 
feature  is  clearly  demonstrated  in  both  our  cases  in  which  one  can  .see  numerous 
sinusoids  lined  by  a  single  layer  of  large  atypical  endothelial  cells  (Fig.  4). 

Finding  a  single  layer  of  tumor  cells  lining  the  sinusoids  is  very  strong  evidence 
that  these  are  the  sites  of  origin  of  the  hemangioendothelioma.  If  the  \-ascidar 
neoplasm  were  infiltrating  into  the  sinusoids  from  the  outside,  such  a  single 
layer  of  tumor  cells  could  not  be  found.  Another  supporting  obser\-ation  is  the 
fact  that  the  fully  developed  angiosarcomatotis  tissue  is  never  found  inside 
otherwise  normal  liver  lobules. 

As  in  Fischer- Wasels'  case  (5),  a  gradual  progression  from  endothelial  cells 
into  tumor  cells  was  fovmd  in  the  present  cases.  The  endothelial  cells  either 
simultaneously  or  graduallj'  de\'elop  into  neoplastic  cells  destroying  adjacent 
liver  cells.  This  is  described  by  Fischer-Wasels  as  "discontinuous  growth".  In 
our  own  cases  one  could  obser\'e  areas  where  the  tumor  cells  pile  up,  filling  the 
sinusoids  in  which  the\'  proliferated  and  thereby  formed  nodules  surrounded  by 
hepatic  cells.  These  tumor  cell  nodules,  together  with  the  great  dilatation  of  the 
liver  sinusoids  by  blood,  cause  the  destruction  of  the  adjacent  li\-er  cells  by  com- 
pression thus  allowing  the  tumor  nodules  to  "escape"  from  the  li\'er  parenchyma 
per  se.  Tumor  nodules  are  thus  found  either  completely  devoid  of  liver  tissue  or 
else  are  still  containing  remnants  of  hepatic  cells  and  bile  duct  sprouts. 

As  these  cells  further  proliferate  they  may  differentiate  into  blood  cells. 
Numerous  such  areas  were  found  in  Case  2  both  in  the  liver  and  the  spleen  (Fig. 
6).  Herxheimer  (4)  mentions  that  most  malignant  endotheliomas  of  the  liver 
pi'esent  such  areas  of  extramedullary  hematopoiesis.  This  was  corroborated  by 
Fi.scher-Wasels(.5),0gilvie  and  Mackenzie  (6), Hastings-James (3)  andRabson  (7). 

In  Case  2  parts  of  the  tumor  assumed  an  angiofibromatous  appearance  with 
knob-like  projections  in^•aginating  the  lumina  of  the  neoplastic  blood  spaces  and 
.separating  these  from  each  other  (Fig.  5).  The.se  areas  are  similar  to  those  de- 
scribed by  Livingston  and  Klemperer  (8)  i7i  their  case  of  malignant  angioma. 
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They  regarded  these  as  being;  areas  of  mesenchymal  tissue  which  had  reached 
the  highest  degree  of  differentiation. 

In  both  cases,  a  large  portion  of  the  tumoi-  was  made  up  of  typical  angio- 
sarcomatous  tissue;  this  is  interpreted  as  being  one  of  the  end  stages  of  dif- 
ferentiation of  the  proliferating  sinusoidal  endothelial  cells  (Fig.  2).  There 
were  no  remaining  li\'ei-  cells  in  the  midst  of  these  tumor  areas.  The  angiosarcoma 
was  seen  to  behave  as  a  very  im  asive  and  malignant  tumor.  In  Case  1,  it  was 
seen  infiltrating  a  larger  bile  duct  (Fig.  •i). 

In  each  of  our  cases,  but  moic  especially  in  Case  2,  large  areas  of  the  tumor 
were  predominantly  fibrosarcomatous  in  nature.  This  is  another  end  stage  of 
differentiation  of  the  malignant  sinusoidal  endothelial  cell.  Another  possible 
interpretation  of  these  fibrosarcomatous  areas  is  that  they  represent  cicatriza- 
tion of  prcA-iously  angiosai-comatous  tissue. 

It  is  important  to  understand  that  the  mere  presence  of  fibrosarcomatous 
areas  does  not  preclude  the  histological  diagnosis  of  a  malignant  endothehoma. 
The  e\'idence  that  one  oi-  both  of  the  abo\'e  interpretations  is  correct  is  that 
angiosarcomatous  and  fibrosai-comatous  areas  are  often  found  side  bj^  side  blend- 
ing into  each  other;  also  both  contain  cells  resembling  the  single  layer  of  malig- 
nant sinusoidal  endothelial  cells.  This  same  coexistence  of  tissue  type  is  described 
by  Gray  (9)  and  Kothny  (10)  who  present  a  similar  explanation. 

In  a  few  portions  of  the  li\'er  tumor  of  Case  1  and  in  the  bone  marrow  lesions 
of  both  cases,  typical  ca\-einomatous  tissue  is  pre.sent.  These  angiomatous  areas 
represent  fully  differ(>ntiated  \-ascular  tissue  derived  from  the  malignant  sinu- 
soidal endothelial  cell.  The  ca\'crnomas  are  often  lined  by  endothelial  cells 
which  are  somewhat  atypical,  closely  resembling  the  malignant  cells  seen  in 
other  portions  of  the  vasculai'  tumor.  Klinge  (11)  also  regards  the  formation  of 
cavernous  spaces  inside  a  malignant  endothelioma  as  "the  highest  level  of  dif- 
ferentiation having  exhausted  all  the  hematoblastic  potential." 

Stout  (12)  is  of  the  opinion  that  no  tiunor  should  be  considered  a  hemangio- 
endothelioma unless  it  meets  the  following  criteria:  (a)  the  formation  of  atypical 
endothelial  cells  in  greater  numbers  than  are  required  to  line  the  vessels  with  a 
single  endothelial  membrane  and  (b)  the  formation  of  \-ascular  channels  with  a 
delicate  reticulin  fiber  framework  having  a  tendency  to  anastomo.se. 

In  Case  1  the  primary  site  of  the  endothelioma  is  undoubtedly  in  the  liver.  It 
invades  the  liver  diffusely  and,  as  described  above,  the  stages  of  differentiation 
from  the  malignant  endothelial  sinusoidal  cell  to  the  fully  developed  angiosar- 
coma can  be  traced.  The  rib  lesion  probably  represents  a  tumor  metastasis  in 
that  it  is  single,  relatively  well  circumscril)ed  and  the  surrounding  tissue  is 
normal.  Case  2  however,  presents  a  somewhat  different  picture.  In  the  liver  and 
the  spleen,  the  tumor  is  diffusely  invasive  and  in  both  these  organs  the  same 
developmental  steps  can  be  found,  from  the  single  tumor  cell  layer,  through  the 
simple  angiomatous  formation,  to  the  angiosarcomatous  and  fibrosarcomatous 
tissue.  The  diffuseness  of  the  process  is  evidence  of  the  malignant  transformation 
of  the  sinusoidal  endothelial  cells  in  the  liver  as  a  whole.  In  the  spleen,  it  is 
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probably  the  ret iculuin  cell  bclwccii  the  sinusoids  that  is  uiulcrf^oiiig  neoplastic 
change.  Roth  in  the  H\cr  and  spleen,  but  in  none  of  the  otliei-  organs  involved  by 
the  tumor,  areas  of  heinalopoiesis  ai-(>  found  inside  tumor  tissue.  This  is  so 
ix'cause  blood  cells  can  only  arise  fiom  undifferentiated  neoplastic  cell  types. 
Once  the  tumor  has  dexeloped  into  angiosarcoma  or  fibrosarcoma  it  has  lost 
the  potential  for  hematopoi(>sis.  All  th(>se  factors  strongly  favor  the  \  ie\v  that 
in  Case  2  the  tumor  is  arising  primarily  in  both  the  li\  er  and  spleen.  In  other 
words  it  is  multicentric  in  origin.  The  tumor  found  in  the  lungs,  breast,  small 
inte.stine  and  bone  marrt)\v  all  r(>pre.sent  metasta.ses.  In  these  organs  the  .sur- 
rounding tis.sues  including  all  the  endothelial  cells  are  otherwise  um'emarkable. 

The  origin  and  significance  of  the.se  nuiltiple  tumors  have  been  the  ohjvvt  of 
nuich  speculation  and  discussion  in  the  literature.  Herxheimer  (4)  tries  to  dif- 
ferentiate between  "circumscribed"  and  a  "diffuse"  foi'ms  of  endotheliomata. 
The  former  refers  to  angio.sarcomas  probably  arising  from  pre\-ious  cavernomas 
and  the  latter  represents  neoplastic  transformation  of  the  capillaries  of  the 
entire  liver,  .spleen  and  reticuloendothelial  system.  Willis  (13,  14)  and  others 
(15,  7)  agree  that  the  multicentricity  of  some  angiosarcomas  is  e\'idence  for  a 
malignant  change  of  the  Reticuloendothelial  System  as  a  whole. 

\'arious  authors  ha\-e  recognized  the  possibility  of  blood  borne  metasta.ses  to 
distant  organs  from  the  primary  endothelioma  (l(i,  2,  7).  This  is  our  interpreta- 
tion of  the  tumor  lesions  in  the  rib  of  Case  1  and  some  of  the  organs  as  described 
in  Case  2. 

Many  of  the  hemangioendotheliomas  of  the  liver  described  in  the  literature 
have  occurred  in  infants  and  children.  In  1933  Kunstadter  (17)  reviewed  13 
cases  and  added  two  of  his  own.  He  agreed  with  Foote  that  these  represent 
congenital  rests  which  hnvv  retained  their  embryonic  characteristics  (18). 
Numerous  more  recent  reports  tend  to  confirm  this  notion  (19-24). 

In  Case  1  there  is  definite  gross  and  microscopic  evidence  of  a  coexisting  cir- 
rhosis. Microscopically,  the  normal  lobular  architecture  is  replaced  by  pseudo- 
lobules  of  hepatic  cells  separated  from  each  other  l)v  broad  fibrous  bands  con- 
taining bile  duct  sprouts;  there  are  no  recognizable  central  veins.  Undoubtedly 
many  of  the  wide  connective  ti.ssue  bands  breaking  up  the  liver  cells  are  actually 
part  of  the  endothelioma.  In  Ca.se  2  there  is  no  evidence  of  cirrhosis,  the  fibrous 
tissue  interspersed  among  the  hepatic  cells  being  an  integral  part  of  the  heman- 
gioendothelioma. 

There  is  a  controversy  in  the  literature  as  to  the  relation.ship,  if  any,  between 
cirrhosis  and  hemangioendothelioma.  Kolle.ston  (25),  reviewing  the  cases  re- 
ported before  1911,  collected  six  instances  of  primary  angio.sarcoma  coincidental 
with  portal  cirrhosis.  He  was  of  the  opinion  that  the  coexistence  was  fortuitous. 
Other  cases  have  been  reported  by  Jaffe  (26),  Gray  (9),  Ogilvie  (fi)  and  Miller 
(2).  All  these  reports  mention  the  po.ssibility  that  the  angiosarcoma  aro.se  in  a 
previously  cirrhotic  liver  with  a  malignant  transformation  of  the  endothelial 
cells.  Another  hypothesis  suggests  that  the  regeneration  of  liver  lobules  and  the 
fibrosis  are  .secondary  to  the  destruction  of  hepatic  tissue  l)y  the  tumor  it.self. 
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In  Case  1  the  long  history  of  alcoholism  and  the  histological  characteristics  found 
tend  to  support  the  former  view. 

SUMMARY 

Two  cases  are  described,  both  of  which  satisfy  the  requirements  for  the 
diagnosis  of  primary  hemangioendothelioma  of  the  liver.  Their  clinical  histories 
are  presented  in  some  detail  in  order  to  point  out  their  characteristic  features 
and  similarities.  A  detailed  pathological  description  is  given,  followed  by  a 
discussion  of  the  \  arious  aspects  of  the  problem  of  pathological  diagnosis  and 
pathogenesis.  The  past  literature  on  the  subject  is  reA'iewed. 
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EXPJ^RIAIEXTAL  PAXCKEATITLS— A  CRITICAL  REVIEW 


DAVID  A.  DKEILIXG  M  J). 

It  is  Useful  in  the  inx  estigation  of  the  pathophysiology  of  a  disease  and  in  the 
evaluation  of  prophylactic  and  therapeutic  measures  to  produce  the  disease 
experimentally  in  animals.  Such  an  approach  not  only  allows  for  more  freedom  in 
method  of  research  but  also  permits  controlled  stud\'  of  various  isolated  patho- 
genetic or  therapeutic  factors.  This  ideal  method  of  in\  estigation  is  not  often 
achieved  because  of  anatomic  and  physiologic  differences  between  man  and  the 
experimental  animal  employed  and  also  because  the  disease  state  to  be  studied 
is  of  complex  pathogenesis.  The  latter  comments  apply  particularly  to  the  prob- 
lem of  pancreatic  inflammatory'  disease  for  the  anatomy  of  human  pancreatic 
duct  system  and  its  blood  supply  are  greatly  different  from  the  corresponding 
structures  in  the  experimental  animal.  Moreover,  it  has  become  apparent  from 
the  results  of  clinical  and  experimental  in\estigations  that  acute  pancreatitis 
must  be  A-iewed  as  a  disease  syndrome  of  complex  and  multiple  pathogenesis  (1). 

PATHOGENESIS  OF  P.VXCREATITIS 

Surgical,  postmortem,  and  experimental  e^•idence  lead  to  the  concept  of  acute 
pancreatitis  as  a  local  autolytic  digestion  and  tissue  disruption  with  the  early 
pathologic  features  of  edema,  hemorrhage,  and  necrosis.  Suppuration,  fibrosis, 
calcification,  and  cyst  formation  within  the  pancreatic  parenchyma  are  later 
processes.  Chronic  pancreatitis  is  assumed  to  be  the  summation  of  repeated 
attacks  of  acute  pancreatitis  and  intervening  attempts  at  histologic  repair  (2) . 

The  localized  autodigestion  of  the  pancreas  which  manifests  itself  in  necrosis 
and  disintegration  of  acinar  cells,  hemorrhage  from  necrotic  vessels,  and  fat 
necrosis  are  ascribed  to  the  effects  of  activated  proteoh^tic  and  lipoh-tic  enzymes 
which  have  been  liberated  from  the  ductal  system  into  the  interstitial  pancreatic 
tissues.  Escape  of  the  enzymes  may  result  from  factors  which  cause  mechanical 
disruption  of  the  duct  system  or  from  those  which  alter  the  permeability  of  the 
ductal  and  acinar  epithelium  (3-5).  Activation  of  the  pancreatic  enz\Tnes  is  an 
important  factor  in  pathogenesis  even  though  it  is  true  that  unactivated  pan- 
creatic juice  is  capable  of  producing  hemorrhagic  and  fat  necrosis  when  injected 
into  the  subcutaneous  tissue  (3). 

Normally  the  proteolytic  enzymes  appear  in  pancreatic  juice  as  inactive 
trypsinogen  and  chymotrypsinogen ;  the  pancreatic  lipase  is  secreted  in  active 
form.  Pancreatic  juice  also  contains  protease  enzyme  inhibitors  (6).  The  libera- 
tion of  active  proteolytic  pancreatic  enzymes  is  accomplished  by  neutralization 
of  these  inhibitois.  In  the  intestines,  this  effect  is  due  to  enterokinase ;  in  acute 
pancreatitis,  activation  is  attributed  to  bile,  inflammatory  exudates,  or  normal 
tissue  fluid  (7).  Kaiser  and  Grossman  in  a  study  of  ethionine  pancreatitis  noted 
an  additional  means  of  enzyme  activation  (6).  They  reported  an  increase  in  the 
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activated  eiizynu'  associated  witli  a  diiniiiution  in  ciizyinc  inliihitor  both  in  the 
secreted  pancreatic  juice  and  in  the  gland  substance.  This  increase  in  activated 
enzyme  is  ascribed  to  an  alteration  in  the  proenzynie-inhibitor  o(|uilibriuin,  a 
change  which  has  been  observed  in  human  pancreatitis  (8). 

The  systemic  effects. in  acute  pancreatitis  are  the  result  of  entry  of  the  pan- 
creatic enzymes  and  the  products  of  pancreatic  enzyme  digestion  into  the  blood- 
stream (9).  Amylase,  lipase,  and  trypsin  normallj'  enter  the  bloodstream  in  small 
quantity  probably  by  true  endocrine  secretion  as  with  other  digestive  enzymes 
rather  than  by  reabsorption  from  the  duct  system  (4).  With  obstruction  to  the 
outflow  of  pancreatic  juice  from  the  duct  system  or  with  increases  in  hydrostatic 
pressure  within  the  system,  the  passage  of  enzxaiies  into  the  blood  is  markedly 
accelerated  (10).  Hence,  secretin  which  stimulates  the  .secretion  of  bicarbonate 
and  water  but  not  enzymes  will,  in  the  presence  of  pancreatic  duct  obstruction, 
cause  a  rise  in  serum  amylase  and  lipase  (11).  There  is  a  similar  mechanism  which 
produces  the  elevations  in  these  serum  enzymes  that  occm-  in  man  during  cho- 
langiography (12).  On  the  other  hand,  blood  amylase  and  lipase  elevations  are 
observed  with  pancreatic  enzyme  secretogogues  only  in  the  presence  of  pan- 
creatic duct  obstruction  (bS),  a  factor  which  suggests  that  the  rise  in  hydrostatic 
pres.sure  within  the  ductal  sy.stem  is  the  inmiediate  ])ath()genetic  agent  rather 
than  the  ductal  obstruction  (1). 

It  is  not  as  easy  to  demonstrate  the  presence  of  pancreatic  proteolytic  enzymes 
in  the  bloodstream  because  of  potent  inhibitors  in  the  serum  and  because  these 
enzymes  are  not  easily  differentiated  from  substances  with  proteolytic  activity 
which  naturally  occui-  in  the  blood  (14).  Yet  experimental  and  clinical  ob.serva- 
tions  have  led  to  the  inescapable  conclusion  that  the  entry  of  these  activated 
enzymes  into  the  bloodstream  is  responsible  in  large  measure  for  the  shock  (9, 
15),  the  cardiac  abnormalities  (1(5),  the  hemorrhagic  and  blood  coagulation 
defects  (17),  and  ultimately  the  early  demise  in  the  hyperacute  cases  of  acute 
pancreatitis  (18). 

ETIOLO(iIC  K.VCTORS 

The  factors  recognized  to  be  of  significance  in  the  production  of  pancreatitis 
(19)  have  become  more  numerous  and  diverse  since  the  classical  experiments  of 
Archibald  (20)  and  Rich  and  Duff  (3).  The  possible  etiologic  factors  may  be 
summarized  as  follows: 

1.  Infectious 

A.  Direct  In\-asion  from  the  Bloodstream — mumps,  septicemia 

B.  Lymphatic  Spread  from  an  infected  fiall  Bladder  or  Common  Duct 

C.  Retrogade  Direct  Spread  from  the  Duodenum  or  Biliary  Tract 

2.  Mechanical 

A.  Common  Channel  Theory  with  Biliary  Reflux  as  in 

1)  Sphincter  Spasm 

2)  Biliary  and  Pancreatic  Calculi 

3)  Fibrosis  or  Hypertophy  of  the  Papilla  of  A'ater 

B.  Pancreatic  Ductal  Hypertension  as  seen  in 
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1)  Pancreatic  Duct  Obstruction  due  to  stone,  edema,  spasm  or  fibrosis 

of  the  sphincter  or  papilla,  ductal  metaplasia,  tumor,  and  parasitic 
infestation 

2)  Vomiting,  Straining,  Coughing 

3)  Hypersecretion  due  to  o^•ereating  or  alcoholism 

3.  Vascular 

A.  Venous  Stasis  due  to  local  edema,  shock 

B.  Vascular  Spasm 

C.  Embolism,  Infarction,  and  Arteriolosclerotic  Rupture 

D.  Allergic  Reaction — Arteritis,  Atopy 

4.  Metabolic 

A.  Mucoviscidiosis 

B.  Essential  Hyperlipemia 

C.  Dietary  Deficiency 

1)  Kwashiorkor 

2)  Alcoholism 

3)  Sprue,  Ulcerative  CoUtis,  Jejunoileitis 

5.  Noxious 

A.  Methanol 

B.  Ethionine 

C.  Zinc 

6.  Traumatic 

A.  Xon-Operative 

B.  Operative. 

The  experimental  evidence  indicates  that  though  infection  may  be  the  occa- 
sional cause  of  pancreatitis  and  may  be  a  contributing  factor  in  the  pathogenesis, 
it  probably  plays  an  insignificant  role  in  the  vast  majority  of  cases.  The  cUnical 
evidence  for  an  infectious  etiology  includes  the  appearance  of  acute  pancreatitis 
in  mumps  (21),  .'^carlet  fever,  and  typhoid  (22),  as  well  as  the  clas.sical  association 
between  biliary  tract  disease  and  pancreatitis  (23).  The  latter  association,  so 
common  that  it  cannot  be  disregarded,  probabh'  derives  from  mechanical  factors. 

A  mechanical  etiology,  though  not  proven,  offers  at  present,  the  most  cogent 
explanation  of  the  pathogenesis  of  acute  pancreatitis.  The  common  channel 
theory,  though  based  upon  an  anatomic  configuration  in  association  with  the 
reflux  of  bile  into  the  pancreatic  duct  S3'stem,  implies  pancreatic  ductal  obstruc- 
tion. It  is  this  ob.struction  whether  produced  by  sphincter  spasm,  edema,  fibrosis, 
tumor  or  stone  which  is  the  potential  basis  for  the  dynamic  sequence — pancreatic 
secretion,  ductal  obstruction,  ductal  hypertension,  ductal  rupture,  extravasation 
of  pancreatic  juice  into  the  interstitial  tissues — which  probably  occurs  in  the 
majority  of  cases  of  acute  pancreatitis. 

Vascular  and  metabolic  etiologies  have  received  little  attention  until  recently, 
but  these  factors,  though  their  role  may  be  secondary  and  contributory,  may 
undoubtedly  be  decisive  agents  in  the  production  of  pancreatitis.  Trauma  as  an 
etiology  is  of  importance  to  the  surgeon,  occurring  most  frequently  as  a  result  of 
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surgical  error  in  procedures  about  the  head  of  the  pancreas.  Pancreatic  poisons 
appear  to  he  of  minor  importance  in  the  pathogenesis  of  pancreatitis. 

METHODS  OF   lM{OI)rCI\(;  PAXCHEATITIS 

Pancreatitis  may  be  produced  experimentally  by  one  of  five  methods: 

1)  obstruction  of  the  ducts 

2)  impairment  of  the  blood  supply 

3)  mechanical  or  chemical  trauma 

4)  metabolic  deraiigment 

5)  local  anaphjdaxis 

The  dcfiree  and  type  of  pathology  which  occurs  in  the  pancreas  after  simple 
ductal  ligation  varies  with  the  species  of  experimental  animal  and  the  level  of 
secretory  activity  of  the  gland.  In  general,  ligation  in  the  presence  of  copious 
secretion  gi\-es  a  more  severe  pancreatitis  than  ligation  of  the  ducts  in  the  un- 
stinuilated  gland.  The  presence  of  impaired  blood  supply  also  adds  to  the  .severity 
of  the  histologic  change. 

In  rats,  ductal  obstruction  produces  edema,  inflammation,  disintegration  of 
acinae,  as  well  as  fat  necrosis  in  and  about  the  pancreas.  The  .severity  of  reaction 
does  not  appear  to  be  altered  by  the  presence  oi-  absence  of  bile  in  the  pancreas 
nor  by  .stimulation  of  the  gland  with  food  or  drugs  (24).  iM'idence  that  the  bile 
factor  in  pancreatitis  has  been  much  exaggerated  has  been  furni.shed  l\y  Whitrock 
et  al  (25)  who  found  that  in  goats  shunting  the  entire  biliary  flow  through  the 
pancreatic  duct  system  into  the  duodemmi  did  not  result  in  pancreatic  necrosis. 

In  cats,  Lium  and  ^laddock  (26)  .showed  that  ductal  ligation  alone  produced 
pancreatic  edema.  Stimulation  of  pancreatic  flow  superimposed  on  ductal  ob- 
struction resulted  in  acinar  necrosis,  fat  digestion,  and  minimal  hemorrhagic 
necro.sisin  14  out  of  17  animals.  Only  five  of  these  .showed  all  the  histologic  changes 
mentioned. 

Wang  et  al  found  little  pancreatic  inflammatory  reaction  in  rabbits  following 
ligation  of  the  pancreatic  ducts  but  there  was  ductal  dilatation,  acinar  atrophy, 
and  interlobular  fibrosis  (27).  Stimulation  of  the  pancreatic  secretion  in  these 
animals  following  ductal  ligation  did  not  induce  other  pathologic  changes. 

Popper  and  Xecheles  .-studied  the  effect  of  ductal  ligation  in  dogs  (28).  Ligation 
of  the  ducts  followed  by  intra\  enovis  .secretin  produced  pancreatic  edema  without 
fat  or  hemorrhagic  necrosis  in  fovu'  dogs.  However,  ductal  ligation  with  stimuhition 
of  the  pancreas  l)y  mecholyl  or  pilocarpine  did  not  produce  pancreatic  edema  in  four 
other  dogs.  In  another  .series,  the.se  ob.servers  reported  the  effects  of  the  super- 
imposition  of  va.scular  impairment  on  ductal  ligation  in  dogs  (20).  Of  four  dogs 
treated  with  ductal  ligation  and  .-secretin  stimulation,  three  dcA-eloped  pancreatic 
edema.  Two  dogs,  having  ductal  and  arterial  ligation  did  not  fle\  elop  edematous 
pancreatitis.  In  nine  animals  ductal  ligation  and  vascular  occlusion  were  followed 
by  secretin  stimulation.  Eight  of  thes(>  showed  hemorrhagic  pancreatic  necrosis. 
Popper  and  Xecheles  concluded  that  ductal  ligation  of  the  actively  secreting 
pancreas  resulted  in  edema;  vascular  occlusion,  in  addition,  superimpo.sed 
necrosis  and  hemorrhage. 
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111  all  animals,  prolonged  pancreatic  duct  obstruction  leads  to  atrophy  and 
fibrosis.  Stimulation  of  the  gland  during  obstruction  results  in  varying  degrees  of 
pancreatitis.  Wangensteen  et  al  have  demonstrated  actual  ductal  rupture  under 
these  conditions  (30).  Parenchymal  ischemia  appears  to  accelerate  the  histologic 
alterations  induced  hy  hypersecretion  against  obstruction  and  results  in  necro.sis 
and  hemorrhage. 

The  forcible  injection  of  fluids  into  the  pancreatic  duct  .sy.stem  causes  disrup- 
tion of  the  ductules  by  mechanical  and/or  chemical  trauma.  This  results  in 
severe  hemorrhagic  necrosis.  The  mere  passage  of  fluids  under  physiologic 
pre.ssures  into  the  pancreatic  duct  system  causes  little  or  no  histologic  change, 
but  Rich  and  Duff  showed  that  the  entrance  of  chemical  irritants  .such  as  bile 
will  produce  transient  edema  (3).  Mann  and  Giordano  demonstrated  that 
physiologic  .saline  when  injected  forcibly  at  pressures  above  300  mm  H2O  induces 
pancreatitis  (31).  They  .stressed  that  it  was  the  high  pressure  which  forcibly' 
disrupted  the  ducts  and  produced  the  pathology  and  que.stioned,  together  with 
Rich  and  Duff,  whether  such  pre.s.sures  were  likely  to  occur  spontaneou.^ly  in 
conjunction  with  an  anatomic  common  channel.  Even  the  increa.se  in  intra- 
abdominal pressure  which  occurs  with  vomiting  was  not  sufficient  in  the  studies 
of  Mann  and  Giordano  to  produce  pancreatic  ductal  pres.sures  required  for  the 
forcible  rupture  of  the  ducts. 

Clinically  there  is  some  evidence  that  ductal  rupture  due  to  increased  hydro- 
static pre.s.sures  initiates  pancreatitis.  Howell  and  Bergh  reported  elevations  of 
the  .serum  amyla.se  in  52  patients  in  whom  the  pancreatic  duct  filled  by  reflux 
from  the  common  duct  during  cholangiography  (32 ) .  In  all  but  four,  the  pressure  of 
injection  was  below  300  mm  HoO.  In  two  of  the  four  patients  in  whom  the  injec- 
tion pressure  rose  above  300  mm  H2O,  the  clinical  symptoms  of  pancreatitis 
were  observed.  The  frequent  history  of  a  large  meal  preceding  an  attack  of 
acute  pancreatitis  also  suggests  that  increased  ductal  pre.-^.sure  and  .subsequent 
lupture  occur  in  man  at  least  as  an  etiologic  factor  in  pancreatitis. 

Metabolic  factors  have  been  observed  clinically  in  deficiency  .state.s  of  children 
(33,  34)  and  have  been  employed  experimentally  to  induce  pancreatitis.  Acinar 
atrophy  and  pancreatic  fibrosis  have  been  reported  in  rats  fed  on  various  diets,  all 
essentially  low  in  complete  proteins  (35).  Lind.say  noted  cirrhosis  and  moderate 
fat  necro.sis  in  addition  to  pancreatic  fibro.sis  in  dogs  fed  a  protein  deficient  diet 
(36j. 

Alcohol  has  not  been  u.sed  experimental!}'  to  induce  pancreatitis  because  of  the 
complexity  of  pathogenesis  with  this  agent.  Unlike  methanol,  ethyl  alcohol  is 
not  a  direct  pancreatic  poison  (37).  Alcoholism  in  man  appears  to  incite  pan- 
creatitis through  factors: 

1.  which  cau.se  pancreatic  ductal  obstruction 
aj  duodenitis  (38) 

b)  papillary  edema  (39) 

2.  which  increase  pancreatic  ductal  pressure 

a)  stimulation  of  secretion  (40,  41) 

b)  vomiting  (42) 

3.  which  cause  a  nutritional  deficiency. 
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Drcilinji;  and  Kichiuaii  (Iciuoustratcd  in  man  that  alcoliol  did  not  directly  stinui- 
late  pancreatic  How  (40).  Oral  inf>;estion  of  this  substance,  however,  could  stimu- 
late large  volumes  of  pancreatic  secretion  indirectly'  \  ia  the  acid-secretin  mecha- 
nism. These  findings  were  confirnuMl  in  the  dog  by  lirooks  and  Thomas  (41). 
Dreiling  and  Richman  j)()stulated  that  alcohol  produced  pancreatitis  by  sinuil- 
taneously  obstructing  the  pancreatic  duct  system  (edema  of  th(>  papilla)  and 
inducing  the  copious  flow  of  punereatic  juice  within  the  obstructed  ducts  (acid- 
.secretin  mechanism).  This  caus(>d  ductal  hypeitension  and  ductal  ruptui'e. 

Kthionine  has  been  extensively  used  to  produce  experimental  pancreatitis. 
This  drug  is  an  antagonist  of  the  essential  amino  acid  methionine.  Intravenous 
injection  of  a  large  single  dose  into  dogs  causes  a  marked  dimiiuition  of  the 
enzyme  content  of  the  external  pancreatic  secretion  without  impairment  of  flow 
and  without  cellular  change  (43).  Howex  er,  the  concentration  of  trvj)sin  inhibitor 
falls  and  the  content  of  active  proteolytic  enzyme  lises  in  the  juice  secreted  (44). 
Similar  changes  in  the  proenzyme-inhibitor  ratio  have  been  obser\  ed  in  patients 
with  pancreatitis  (4o).  Continued  feeding  or  injection  of  ethionine  results  in 
progressive  histologic  alterations.  With  low  dosage  schedules,  atrophy,  acinar 
di.sruption,  and  fibrosis  occur  (4(1);  with  highei-  dosage  there  is  severe  fat  and 
hemorrhagic  necrosis  (47).  Ethionine  pancreatitis  has  not  been  reported  in  man 
even  though  the  drug  has  l>een  used  experimentally  in  patients  with  pancreatic 
cancer. 

Impressed  with  the  \ascular  factors  in  pancreatitis  (48),  Thai  has  produced 
pancreatitis  experimentally  by  l>oth  the  local  Schwartzman  (49)  and  the  Arthus 
(50)  phenomena.  He  is  of  the  (jpinion  that  the  bile  factor  in  pancreatitis  operates 
through  a  purely  vascular  effect  (ol).  His  experiments  have  shown  that  the 
interstitial  injection  of  bile  causes  extensi^•e  and  prolonged  circulatory  stasis 
within  the  pancreatic  parenchyma  l)oth  by  direct  action  on  the  capillary  wall  and 
by  spasm  of  the  muscular  coat  of  the  arteriole.  Yet  extensive  bile  staining  of  the 
pancreatic  parenchyma  has  not  been  demonstrated  either  in  pancreatic  edema  or 
in  pancreatic  necrosis. 

COMMENT 

The  production  of  pancreatitis  experimentally  in  animals  is  beset  with  diffi- 
culties similar  to  the  problem  of  reproducing  peptic  ulceration  in  the  laboratory. 
The  anatomic  structure  of  th(>  panci(>atic  ductal  system  within  the  gland  and  its 
relation.ship  to  the  common  duct  are  nowhere  mimicked  in  the  animal  kingdom. 
For  this  reason  any  method  employed  to  profluce  experimental  pancreatitis  nuist 
be  regarded  as  a  compromise  measure  in  which  the  etiologic  agent  or  agents 
probably  do  not  have  the  same  weight  as  the  corresponding  factors  in  spontane- 
ous human  pancreatitis.  Therefore,  it  will  alwaj's  be  impossible  to  evaluate  the 
significance  of  the  various  etiologic  factors  operative  in  human  pancreatitis  from 
data  obtained  in  experimental  pancreatitis.  Such  conclusions  can  only  be  drawn 
from  observations  made  in  patients;  the  experimental  results  must  be  prejudiced 
by  the  experimental  method.  Likewi.se,  a  true  estimation  of  the  prophylactic 
and  or  therapeutic  efficacy  of  any  measiue  cannot  t)e  established  from  studies  in 
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experiment^,!  pancreatitis  but  requires  direct  investigation  in  human  cases.  The 
results  in  animal  experiments  will  always  be  markedly  influenced  by  the  method 
of  production  of  pancreatitis. 

Most  investigations  have  been  performed  utilizing  procedures  which  mechan- 
ically obstruct  the  pancreatic  duct,  attesting  to  the  widespread  acceptance  of  a 
mechanistic  etiology.  Yet  such  an  approach  entirely  neglects  the  vascular  and 
metabolic  factors  which  recent  studies  have  shown  to  be  of  great  significance  in 
the  pathophysiology  of  pancreatitis.  Many  of  the  mechanical  methods  must  be 
criticized  on  two  accounts.  First,  there  has  been  practicallj-  no  study  in  which  the 
method  employed  and  the  results  of  investigation  have  been  conducted  according 
to  statistical  criteria.  Second,  the  procedures  themseh  es  usually  impose  dynamic 
conditions  which  are  far  in  exaggeration  of  what  might  possibly  occur  in  the 
pathogenesis  of  human  pancreatitis.  This  is  particularly  true  of  those  methods 
depending  upon  the  forcible  injection  of  fluids,  irritating  or  bland,  into  or  about 
the  pancreatic  duct.  The  trend  should  be  awaj'  from  such  overemphasis  of 
mechanical  factors  and  towards  a  preparation  in  which  the  pathogenesis  appears 
to  result  from  several  etiologic  agents  such  as  obtained  with  ductal  obstruction 
in  an  ischemic  secreting  gland. 

Further  study  of  vascular  and  rnetabolic  factors  is  of  great  importance  in  the 
elucidation  of  pancreatic  physiology  and  related  physiologic  phenomena.  The 
sensitization  methods  of  Thai  are  extremely  interesting  and  may  lead  to  an  under- 
standing of  the  explosive  character  of  human  pancreatitis  but  the  weight  of 
evidence  would  assign  such  an  etiologic  factor  only  to  a  secondary  or  minor  role. 
Likewise,  the  production  of  pancreatitis  with  ethionine  would  not  appear  to  be  a 
satisfactory  method  ff)r  the  study  of  the  problems  of  acute  pancreatitis  in  man. 
Interference  with  pancreatic  protein  metabolism  by  this  amino  acid  will  more 
likely  clarify  the  pathogenesis  of  the  rare  fibro.ses  and  chronic  inflammatory 
disorders  associated  with  \'arious  nutritional  deficiencies  and  congenital  metabohc 
defects. 

COXCLUSIOXS 

The  etiology,  pathogenesis,  and  experimental  methods  of  producing  pancre- 
atitis have  been  criticalh'  reviewed.  A  completely  satisfactory  experimental 
preparation  for  the  stud}-  of  etiologic,  prophylactic,  and  therapeutic  factors  in 
human  pancreatitis  appears  to  be  unobtainable. 

The  majority  of  cases  of  acute  pancreatitis  in  man  seem  to  result  from  the 
summation  of  mechanical,  secretory,  and  vascular  factors.  For  this  reason,  the 
most  u.seful  experimental  method  should  be  one  which  employs  these,  namely, 
ductal  obstruction,  acti\  e  .secretion,  and  diminished  blood  flow.  There  is  a  need 
to  study  such  a  technique  statistically  before  individual  variables  and  therapeutic 
measures  are  evaluated. 

Vascular  technifiues  and  those  invoh  ing  al>erration  of  pancreatic  metabolism, 
though  less  u.seful  in  the  investigation  of  etiology  and  therapy  of  human  pan- 
creatic disease,  are  of  great  importance  in  the  uin-a\-elling  of  the  basic  physiology 
of  that  organ. 
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EARLY  RECOGXniOX  AND  MAXACIE.MEXT  OF  PSYCHIATRIC 
niSOHDERS  IX  GEXERAL  PRACTICE 

THE  MOUNT  8INAI  HoSPITAr. 

Monday,  April  22,  1(157 

Introduction  l)v.  M  .  K.ilph  Kaufniaii 

Anxiety  Reaction 

Case  Report  I)r.  i)av'id  Sciiulnian 

Discussion  Dr.  Louis  Linn 

1  )pprcssion 

Case  Report  Dr.  Howai-d  D.  Ziicker 

Discussion   Dr.  Roiiiaid  C.  .Meyer 

Schizophrenia 

Case  Report  Dr.  Albert  I.  Reiser 

Discussion  Dr.  Harry  I.  Weinstock 

Chairman  King: 

J^adie.s  and  gentlemen,  tonight  we  haxc  nuide  a  depaitnie  t'lom  our  ecjii- 
ventional  scheme  of  presentation.  It  has  l)een  our  poUcy  up  to  now  to  present 
subjects  with  cases  which  iihistrate  various  phases  of  the  subject,  and  then 
have  discussion  which  is  pertinent  to  the  pliases  involved.  In  so  doing,  we  try 
to  have  representation  at  these  meetings  fnmi  as  many  ser\-ices  as  possible. 
But  tonight  we  have  the  privilege  of  hearing  from  one  department  only;  the 
department  of  psychiatry  which  has  chosen  to  devote  this  meeting  to  a  discus- 
sion of  the  early  recognition  and  management  of  anxiety  states,  depression 
and  schizophrenia. 

Dr.  Ralph  Kaufman,  Director  of  the  Department  of  Psychiatry  will  conduct 
this  meeting  in  which  the  members  of  his  staff  will  participate. 


IXTHODUCTION' 

Dr.  Ralph  Kaufman: 

Thank  you,  Dr.  King.  Dr.  King  informed  me  that  I  was  to  take  twenty 
minutes  for  this,  but  since  I  know  psychiatrists  and  since  they  like  to  talk,  I'm 
going  to  take  about  five  so  that  the  people  who  are  going  to  present  the  cases 
and  the  discussion  will  have  at  least  an  extra  fifteen  minutes. 

The  purpose  of  this  evening's  conference  is  to  discuss,  "The  Early  Recognition 
and  Management  of  P.sychiatric  Disorders  in  General  Practice,"  and  in  order  to 
implement  the  discussion  three  illustrative  situations  have  been  selected  for 
presentation. 

Psychiatry  in  recent  years,  has  moved  out  of  the  confines  of  the  state  and 
private  mental  hospitals.  This  shift  has  had  many  implications  for  the  practice 
of  medicine.  It  has  broadened  the  base  of  clinical  syndromes  that  are  recognized 
as  p.sychiatric  or  as  having  psychiatric  implications.  It  has  focused  on  various 
psychological  and  emotional  aspects  of  all  illness,  and  it  has  emphasized  the 
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need  for  ail  evaluation  of  these  factors  in  all  diagnostic  and  therapeutic  programs. 
An  ilhistration  of  this  is  a  study  done  at  our  own  Consultation  Service,  which 
demonstrated  that  of  an  unselected  group  of  a  thousand  patients  who  came 
to  the  Consultation  Service  at  the  request  of  their  physicians,  814  or  81.4  per 
cent  of  the  patients  had  a  psychiatric  condition  which  was  either  of  primary  or 
secondary  significance  in  their  illness.  It  is  hoped  that  tonight's  discussion  will 
demonstrate  the  importance  of  the  recognition  of  the  psychiatric  factors  in 
relation  to  all  patients  and  not  only  those  who  are  commonly  placed  in  the 
category  labeled  psychosomatic. 

There  has  been  a  tendency  to  limit  the  illnesses  labeled  as  psychosomatic 
to  certain  syndromes  such  as  ulcerative  colitis,  asthma,  peptic  ulcer,  etc.  This 
is  a  misapprehension  of  a  basic  concept.  We  should  like  to  emphasize  that 
psychological  and  emotional  factors  are  involved  in  all  instances  of  illness  with- 
out regard  to  the  presence  or  absence  of  somatic  patholog,y.  With  a  more  gen- 
eralized knowledge  of  the  basic  psychiatric  concepts  permeating  throughout  the 
whole  of  medicine,  the  general  physician  who  is  not  a  specialist  is  now  in  a 
position  to  formulate  more  clearly  the  total  clinical  picture  than  he  ever  was 
before.  At  the  psychological  level,  his  knowledge  of  the  role  of  the  patient- 
physician  relationship  and  \  arious  aspects  of  psychotherapy  permit  him  to 
convert  the  art  of  the  practice  of  medicine  into  the  science  of  the  practice  of 
medicine.  The  recent  advent  of  the  so-called  tranquilizing  drugs  have  increa.sed 
the  responsibility  of  a  physician  for  sharpening  his  diagnostic  acumen  and  a 
pinpointing  of  his  therapeutic  endeavors.  It  has  become  increasinglj'-  clear  that 
any  medication  that  has  a  widespread  utilization  in  medicine  calls  for  a  moi'e 
accurate  diagnosis  since  otherwise,  as  has  been  aptly  demonstrated  by  the 
antibiotics,  the  use  of  such  medication  ends  up  in  its  abuse.  Certainly  a  combina- 
tion of  psychotherapy  appropriate  to  the  role  of  the  general  pln'sician  in  com- 
bination with  the  use  of  pharmacological  agents  sele'ctively  prescribed,  enables 
the  present-day  physician  to  treat  a  greater  number  of  patients  for  psychiatric 
syndromes  than  heretofore. 

The  essential  of  good  medical  practice  is  to  utilize  to  the  fullest  extent  the 
training  and  techniques  available  to  a  given  physician  and  at  the  same  time 
to  have  that  physician  capable  of  recognizing  his  own  limitation  in  order  that 
colleagues  specializing  in  various  other  fields,  should  be  called  in  for  consultation 
and  treatment  appropriate  to  their  knowledge  and  skills.  The  aim  of  modern 
psychiatry  as  a  basic  science  in  medicine,  is  not  to  transform  the  general  practi- 
tioner into  a  specialist  in  psychiatry,  but  rather  to  give  him  the  necessary 
knowledge  and  techniques  which  will  enable  him  to  carry  out  his  role  as  a  general 
practitioner  to  his  fullest  extent.  It  is  hoped  that  tonight's  presentation  will  be  a 
step  in  that  direction,  and  that  the  three  topics  for  discussion  are  illustrative,  in 
a  sense,  of  the  problems  in\-olved  because  obviously  there  are  many  more  areas 
than  are  presented  in  the  three  subjects  selected  tonight. 

The  first  topic,  Anxiety  Reaction,  will  be  introduced  by  a  clinical  presentation 
by  Dr.  Da\'id  Schulman. 
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AXXIKTV  HHACTION' 

Case  lii'port 

Dr.  Diivid  Schulmun: 

The  patient  is  a  36  year  old  married  Jewish  iiousewife  who  lives  iu  Brooklyn  with  her 
luisl)und  and  two  daughters,  ages  four-and-a-half  and  fourteen  months. 

When  first  seen  she  was  agitated,  an.xious  and  fearful.  Her  speech  was  characterized  by 
marked  urgency  and  she  described  herself  as  being  "doomed  to  die."  She  considered  herself 
to  be  well  until  Xovcnii)er  of  1955.  at  which  time  her  mother  experienced  an  acute  coronars- 
occlusion  and  was  hospitalized. 

She  was  an  only  child  and  was  constantly  at  her  mother's  l)edside.  On  the  third  day  (jf 
her  mother's  illness,  she  was  told  by  the  family  i)hysician  that  her  mother  would  he  all 
right,  and  at  his  insistence  she  left  her  mother's  side  and  returned  home.  At  home  she  re 
ceived  a  call  from  the  hospital  informing  her  of  her  mother's  sudden  death.  She  immediately 
recalled  numerous  situations  in  which  she  had  scolded,  belittled  and  neglected  her  mother 
and  she  thought  if  she  had  been  a  better  daughter,  her  mother  might  not  have  died.  Her 
sense  of  guilt  was  e.xtreme.  That  night  she  had  a  dream  in  which  a  friend  was  sick  in  a  hos- 
pital. In  the  dream  she  saw  herself  talking  to  her  friend's  husband  in  the  hospital  corridor. 
He  told  her  that  his  wife  had  had  surgery  for  a  breast  tumor  and  that  the  surgeons  had  told 
him  that  the  tumor  was  not  malignant.  On  awakening,  she  considered  the  dream  to  be  a 
prophetic  one  based  on  her  expectation  of  i)unishment  due  to  her  guilt.  She  immediately 
felt  her  own  breasts  as  if  she  were  the  woman  in  the  dream.  She  was  alarmed  to  find  in  her 
left  breast  a  mass  which  was  easily  palpable.  She  visited  her  family  physician  who  recom- 
mended immediate  surgery.  Her  doctor  indicated  that,  since  she  had  just  had  her  second 
child  in  July  of  1955,  more  likely  than  not  the  mass  represented  a  "milk  gland". 

She  went  to  her  mother's  funeral  and,  three  days  later,  entered  the  hospital  for  breast 
surgery.  In  regard  to  this  she  said,  "The  dream  was  true.  I  had  a  fibroid  tumor.  It  was  not 
malignant  and  I  came  home  in  two  days." 

During  psychotherai)y  it  became  clear  that  she  had  had  a  peripheral  awareness  of  the 
mass  ])rior  to  her  mother's  death  and  that  she  was  able  to  recognize  this  only  when  the 
emotional  need  required  it.  Two  weeks  prior  to  her  mother's  death  she  and  her  family, 
including  the  mother,  had  moved  into  a  new  apartment.  The  mother  had  lived  with  the 
patient  ever  since  the  father's  death  eight  years  before.  The  patient  often  had  wished  that 
she  did  not  have  to  care  for  her  mother  because  the  mother  had  frequently  interfered  with 
the  management  of  the  house  and  children.  Following  the  breast  surgery,  she  returned  to  a 
new  aj)artmont  without  mother.  The  fulfillment  of  her  wish  to  be  free  of  her  mother  and  her 
fears  of  being  on  her  own  were  the  source  of  marked  anxietj'  and  guilt.  Throughout  Jaiuiary 
she  felt  she  could  not  do  anything  right.  She  complained  of  marked  fatigue,  chest  ])ains, 
palpitations  and  shortness  of  breath.  In  February  she  jiassed  black  stools  on  four  occasions 
and  became  panicky.  She  began  to  feel  that  she  had  cancer  and  started  to  visit  ever}'  doctor 
in  her  neighborhood.  She  reported  that  one  doctor  told  her  that  she  had  colitis  and  the 
other  that  she  had  ulcers.  Eventuallj'  an  upper  gastrointestinal  series  and  barium  enema 
x-ray  studies  were  done  and  reported  as  being  within  normal  limits.  She  was  told  that  she 
did  not  have  any  organic  disease.  Nevertheless,  she  continued  to  feel  that  she  had  cancer 
and  said  that  the  doctors  were  keejiiiig  the  "bad  news  from  her."  During  the  next  few 
months  she  began  to  experience  a  variety  of  somatic  symptoms  including  jjain  in  the  eyes, 
recurrent  headaches,  dizziness,  feeling  of  emptiness  in  the  head,  abdominal  cramjjs,  chest 
pain  aTid  palpitation.  She  began  to  feel  that  she  could  no  longer  meet  the  demands  of  her 
house,  husband,  children  and  mother-in-law  and  started  to  use  alcohol  to  obtain  some 
relief  from  the  symptoms.  She  used  a  pint  of  whiskej'  every  two  days.  She  felt  that  her 
husband  did  not  understand  her  illness  and  was  unsympathetic  towards  it.  She  resented  the 
fact  that  throughout  her  illness,  her  husband  had  begun  to  assume  her  duties  in  the  house- 
hold much  the  same  as  her  mf)ther  had  done  before. 
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In  September  of  1956  her  sj'mptoms  became  overwhelming  to  her  and  she  finally  accepted 
the  view  that  some  of  the  symptoms  might  be  on  an  emotional  basis.  On  the  advice  of  a 
phj'sician  she  voluntarily  entered  the  Kings  County  Hospital  Psychiatric  Division.  After 
about  a  three  hour  stay  she  became  terrified  and,  on  her  husband's  in.sistence,  wa.s  dis- 
charged in  his  custody. 

She  began  to  drink  more  heavily  than  before  and  became  fearful  that  she  might  become 
an  alcoholic.  About  two  weeks  prior  to  admission  to  The  Mount  Sinai  Hospital  she  stopped 
drinking  entirely  and  this  was  associated  with  an  increase  in  her  symptoms  and  her  feeling 
that  she  might  die  suddenly.  On  September  26,  1956  she  was  admitted  to  the  psychiatric 
service.  On  arrival,  she  experienced  a  remarkable  spontaneous  cessation  of  all  symptoms 
and  felt  that  being  away  from  her  home,  husband  and  children  was  responsible  for  her 
immediate  improvement .  On  the  second  hospital  day  she  had  a  return  of  her  entire  sj'mptom 
complex.  It  was  at  this  time  that  she  revealed  that  she  had  a  dream  in  September  1955 
which  she  felt  was  prophetic.  In  this  dream  she  felt  that  she  was  sick  and  that  the  doctor 
told  her  husband  that  she  had  cancer  and  had  only  one  year  to  live.  After  this  dream  she 
continued  to  harbor  the  feeling  that  she  would  die  in  September  of  1956.  Thus,  the  exacer- 
bation of  her  illness  seemed  part  of  a  postmourning  reaction  for  her  mother. 

In  the  hospital  she  wa.s  seen  daily  in  intensive  psychotherapy.  In  discussing  her  relation- 
ship with  her  mother,  she  finally  was  able  to  reveal  that  they  had  argued  frequently  and 
that  she  resented  her  mother's  suggestions  about  her  management  of  the  household  and 
children.  She  was  able  to  express  and  understand  some  of  her  anger  towards  her  mother  and 
this  was  accompanied  by  a  reduction  in, her  sense  of  guilt.  Through  the  course  of  treatment 
it  became  clear  to  her  that  she  had  held  herself  responsible  for  her  mother's  death  and  that 
the  development  of  her  symptoms  was  an  attempt  to  e.xpiate  her  own  guilt.  In  a  way  she 
unconscious!}'  was  responding  to  the  Biblical  concept  of  an  eye  for  an  e.ve  in  that  she  felt 
that  as  a  result  of  her  mother's  death  that  she  too  must  die. 

In  the  stress-free  environment  of  the  hospital  ward  and  through  her  relationship  with 
the  therapist,  she  was  able  to  reorganize  her  defenses  which  resulted  in  complete  cessation 
of  all  her  sj-mptoms.  During  the  treatment  period  she  recalled  that  she  had  taken  some  iron 
medication  in  February  of  1956  which  undoubtedly  was  responsible  for  her  black  stools, 
although  she  had  completely  repressed  this  material  at  the  time.  After  five  weeks  of  hos- 
pitalization, she  was  di.scharged  to  the  After-Care-Clinic.  During  the  week  of  Memorial] 
Services,  one  year  after  her  mother's  death,  she  had  a  moderate  recurrence  of  her  symptoms. 
Following  the  termination  of  these  services  and  a  trying  period  throughout  the  last  week  of 
December,  she  felt  better.  In  January  of  1957  after  she  had  been  home  for  two  and  a  half 
months,  she  "accidentally"  became  pregnant,  and  this  was  accompanied  by  a  return  of  her 
feelings  of  guilt,  anxietj'  and  inability  to  perform  her  household  duties.  She  did  not  have 
somatic  symptoms  but  her  anxiety  was  extreme  and  immobilizing.  She  was  readmitted  to 
The  Mount  Sinai  Hospital  during  the  first  week  of  March  and  after  a  period  of  three  weeks 
she  felt  much  better  and  was  discharged  to  the  Clinic. 

In  summary,  this  was  a  woman  in  whom  the  death  of  her  mother  in  the  setting  of  a  hostile 
mother-daughter  relationship  led  to  guilt  feelings  and  expectancy  of  punishment.  She 
unconsciously  felt  that  she  must  die  because  her  mother  had  died.  When  she  was  made 
aware  of  her  resentment  of  her  mother  and  given  an  opportunity  to  ventilate  her  feelings  in 
a  permissive  setting,  her  guilt  and  anxiety  subsided.  As  of  June  1957.  the  patient  continues 
to  be  free  of  symptoms  and  has  made  realistic  plans  for  her  unborn  baby. 

Chairman  Kaufman: 

Thank  you,  Dr.  Sfhulman. 

Dr.  Louis  Linn  will  di.s;cuss  this  aspect  of  the  pre.sentation. 
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Discussion 

Dr.  Loui.-^  Liiiii: 

The  most  important  point  about  anxiety  is  that  it  represents  a  danger  signal 
for  the  human  organism.  It  is  experienced  as  a  disagreeable  sensation  which  has 
the  elYect  of  alerting  the  organism  to  the  necessity  of  taking  flight  or  fighting 
back.  The  danger  which  elicits  the  anxiety  may  take  the  form  of  a  real  threaten- 
ing situation  in  the  outer  world,  as  when  a  soldier  is  ahout  to  go  into  battle,  or  a 
patient  about  to  undergo  major  surgery.  The  threat  may  come  from  within  the 
patient's  body,  as  when  he  is  confronted  with  pain  or  some  other  .symptom  of 
unknown  origin  which  arou.ses  feelings  of  dread.  Thus  th(>  anxiety  may  be  re- 
lated to  a  danger  which  is  objectixely  identifiable  and  the  suffering,  in  addition, 
may  not  seem  dispi'oportionate  (luantitatively  to  the  situation  which  elicits  it. 
In  such  circumstances,  we  are  apt  to  refer  to  the  experience  as  realistic  fear, 
rather  than  anxiety. 

Anxiety  as  a  term,  is  more  fre(iuently  u.sed  or  reser\ed  for  conditions  in 
which  the  reaction  of  fear  is  not  ba.sed  on  an  objectively  identifiable  external 
reality,  or  .seems  disproportionate  in  its  intensity  in  terms  of  the  actual  danger. 
Thus,  the  patient  may  have  a  fear  of  riding  in  subways,  of  Ix'ing  alone,  or  of 
being  in  crowds.  He  may,  like  the  patient  presented,  ha^'e  an  unwarranted  fear 
of  cancer.  He  may  have  a  fear  of  dirt  which  drives  him  to  a  handwashing  com- 
pulsion. The  actual  form  that  these  pathological  fear  states  may  take  is  almost 
limitle.ss  and,  in  its  details,  is  distinctive  for  each  patient.  In  some  the  anxiety 
state  may  not  relate  to  a  specific  life  situation  but  is  part  of  a  panphobic  at- 
titude in  which  the  entire  world,  in  all  its  aspects,  has  become  fearful.  The 
reactions  to  realistic  danger  and  the  pathological  reactions  both  ha\  e  sen.sations 
in  common  which  are  identifiable  as  fear  and  are  associated  with  a  variety  of 
psychological  and  physiological  changes  calculated  to  alert  the  organism  to 
flight  or  fight. 

The  next  mo.-<t  important  point  about  anxiety,  as  far  as  the  clinician  is  con- 
cerned, is  the  task  of  identifying  the  danger  to  which  the  patient  is  responding. 
Not  so  long  ago  it  was  .said  in  jest  that  if  a  patient  had  fe\-er,  you  gave  him  a 
.shot  of  penicillin,  and  24  hours  later  if  the  temperature  hadn't  dropped  to 
normal,  then  you  took  a  history  and  did  a  physical  examination.  Well,  something 
of  the  .same  .sort  of  situation  has  occurred  in  the  p.sychiatric  field  too.  If  a  patient 
comes  in  with  symptoms  that  are  identifiable  as  anxiety,  nowadays  he  is  apt  to 
get  a  tranc[uilizer  drug  of  one  kind  or  another  from  some  people,  and  if  within 
a  day  or  two  his  anxiety  has  not  sul)sided,  then  for  the  first  time,  he  may  get  a 
fair  hearing  of  his  personal  problem.  In  my  own  experience,  meprobamate  or, 
as  it  is  more  commonly  known,  .Miltowii"  or  Eciuanil®,  has  been  most  helpful  in 
situations  of  realistic  stress  such  as  during  the  process  of  dissolving  a  marriage 
which  cannot  be  salvaged,  in  the  suffering  of  a  person  after  a  bereavement,  in  a 
patient  unable  to  become  reconciled  post-operatively  to  a  mutilating  surgical 
procedure,  in  certain  high  tension  states  as  in  the  case  of  a  lawyer  involved  in 
preparing  a  complicated  legal  brief,  or  an  overworked  executive  carrying  a 
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tremendous  burden  of  responsibility.  Unfortunately,  the  pathological  fear  states 
which  present  the  most  challenging  problem  to  the  physician  are  the  ones  least 
likeh-  to  be  benefited  by  these  drugs.  Xot  onl\-  are  such  patients  least  Ukely  to 
be  benefited  but,  paradoxically,  thej'  maj'  even  react  with  exacerbations  of  the 
pathological  state.  Such  reactions  are  not  likely  to  be  regarded  as  paradoxical, 
howe^'er,  if  one  attempts  to  imderstand  the  danger,  as  the  patient  .sees  it.  For 
example,  recently  I  treated  a  patient  with  unconscious  homosexual  impulses 
which  were  clinically  expressed  as  a  cancerphobia.  I  will  not  go  into  the  details 
of  why  his  homosexual  impulses  translated  them.selves  into  a  fear  of  having 
cancer,  however,  the  cancerphobia  served  the  purpose  of  defending  him  against 
the  wish  to  give  in  to  his  homosexual  impulses.  Meprobromate  did  free  him  from 
his  anxietj-,  but  in  its  place  there  appeared  a  more  terrible  dread.  He  .said,  ''I 
felt  that  the  fear-free-state  was  not  me.  I  felt  as  if  some  -vital  part  of  me  had 
been  cut  away.  I  couldn't  stand  it.  It  was  uncanny."  To  this  patient,  giving  up 
his  cancerphobia  was  tantamount  to  la^aug  him.self  open  to  homosexual  attack. 
Against  such  a  background  it  becomes  understandable  that  he  did  not  welcome 
the  anxiety-allaying  effect  of  meprobromate. 

.\nother  patient,  a  female,  with  frightening-fantasies  of  indulging  in  exhibi- 
tionistic  sexual  behavior  in  public,  jeacted  to  the  pharmacologic  liberation  from 
anxiety  which  she  got  from  meprobromate  with  dread  rather  than  the  antici- 
pated joy.  She  compared  the  effect  of  the  drug  to  the  cutting  of  the  wires  to  a 
fii-e  alarm.  "Sure  the  clamor  of  the  fire  alarm  is  silenced,  but  the  fire  goes  on 
unabated  and  nobody  is  warning  me  to  fight  it." 

-Ajiother  patient,  a  young  man  32  years  old,  suffered  from  the  unconscious 
fantasy  that  the  female  genitalia  represented  a  mysterious  engine  of  destruction 
to  be  avoided  at  all  costs.  Along  with  this  unconscious  fear  was  a  conscious 
understandable  yearning  for  the  normal  adult  sex  life  which  this  fantasj-  pre- 
vented. Dates  ^vith  girls  were  always  fraught  with  anxiety  and,  if  there  seemed 
any  likelihood  that  there  might  be  opportunity  for  .sexual  intercour.se,  his 
anxiety  would  assume  the  proportions  of  panic.  A  phj'sician  prescribed  me- 
probromate to  be  taken  before  going  out  on  a  date.  Like  our  previous  patients, 
he  experienced  a  great  release  from  anxiety  on  his  next  dat-e.  As  a  result,  he  took 
his  girl  home  earher  than  ever  and  spent  the  rest  of  the  night  alone  in  his  room 
masturbating,  as  though  to  save  himself  from  the  trap  which  his  anxietj'-free- 
state  might  set  for  him. 

.Another  young  man,  whose  great  problem  was  the  need  to  conceal  his  aggres- 
sive impulses,  suffered  intolerable  anxiety  at  any  evidence  of  breakthrough  of 
his  aggression.  He  took  meprobromate  and  experienced  striking  relief.  Following 
this,  he  was  seized  with  the  troubUng  thought,  •"This  drug  can  put  Dr.  Linn  out 
of  business  I"  This  idea  was  associated  ^nth  so  much  anxiety  that  he  decided  not 
to  take  the  pill  again.  As  if  to  emphasize  that  his  cure  was  not  to  be  found  this 
way,  he  ma.sturbated  .several  times  the  night  of  this  experience. 

.All  of  the  patients  cited  refused  to  take  meprobromate  after  reactions  which 
superficially  would  seem  to  have  been  helpful.  These  ca.ses  emphasize  that 
the  task  of  the  phj-sician  is  to  discover  the  danger  to  which  the  patient  is  reacting 
and  to  help  him  deal  with  that  danger  more  realistically. 
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The  uncritical  u.seof  tran<|iiiliziiigi)roc(>(luresi.s  not  only  irrational  thcraj)}-,  l)ut, 
in  some  instances,  may  n^sult  in  lasting  harm.  A  young  colored  woman,  for 
example,  was  brought  into  our  Emergency  Kooin,  at  ]():()()  p.m.  in  a  terrified 
state,  complaining  of  a  painful  adductor  spasm  of  her  thighs.  As  a  re.sult  of  this 
she  could  not  walk.  Physical  examination  revealed  the  absence  of  any  organic 
basis  for  her  paraly.'^is.  She  was  given  intravenous  sodium  amytal  with  the  strong 
sugge.-<tion  that  as  a  result  of  that  injection  she  would  be  al)lc  to  walk.  A  few 
minutes  later  she  hopped  from  the  table  and  demonstrated  gleefully  that  she  was 
indeed  able  to  walk  and  to  dance.  She  left  the  Emergency  Koom  in  high  spirits 
chatting  \-olubly  with  members  of  the  family  who  had  accompanied  her.  She 
continued  to  talk  without  interruption  until  four  o'clock  in  the  moi  niiig.  When  she 
stopped  she  did  not  open  her  mouth  again.  She  lapsed  intoa  mutestuporousstate. 
When  she  was  returned  to  the  hospital  the  next  day,  it  was  (juite  clear  that  .she 
was  in  a  catatonic  stupor.  Furthei-  history  brought  out  the  fact  that  she  had 
recently  come  from  the  South  as  a  x  isitor  in  the  home  of  her  sister  and  brother- 
in-law.  There  was  reason  to  belie\-e  that  she  was  .sexually  attracted  to  her  brot  h(!r- 
in-law.  Her  anxiety  and  the  hysterical  .symptom  represented  her  attempt  to 
ward  ott"  the  forbidden  impiil.scs.  In  this  in.stance,  indiscriminate  removal  of  her 
protective  adductor  spasm  left  her  defenseless  in  the  face  of  her  intolerable  .sexual 
desires  and  the  result  was  a  more  deeply  regresf5ed  state  in  the  form  of  a  catatonic 
stupor. 

When  a  protective  .s\-mptom  is  rendered  inoperable,  as  in  the  previous  case, 
then  a  flood  of  anxiety  is  released  which  may,  at  times,  be  overwhelming  in  its 
([uantity  and  intensity.  The  clinical  pictui'e  which  then  emerges  may  be  char- 
acterized variously  as  a  delirium,  a  catatonic  excitement,  or  a  state  of  panic. 
Many  factors  may  render  previous  defenses  inoperable.  An  alcoholic  who  has 
maintained  his  p.sychological  adaptation  in  an  inebriated  state  may  go  into  a 
delirium  if  alcohol  is  suddenly  taken  from  him.  Similar  states  of  excitement  may 
be  encountered  when  the  eliminated  supporting  agent  is  a  barbiturate,  an  opiate, 
or  any  other  potent  sedative.  A  patient  with  organic  brain  disease  may  be 
placid  and  even  outwardlj-  cheerful  as  he  confronts  the  world  in  a  twilight  state 
of  semi-consciousness.  When  he  improves,  particularly  if  this  occuis  suddenly, 
as  sometimes  is  .seen  after  a  sub-arachnoirl  hemorrhage,  he  may  be  left  tempo- 
rarily without  adefiuat(>  tlefenses.  The  result  is  a  delirium.  It  is  worth  emphasiz- 
ing that  the  reaction  of  delirium  in  such  ca.ses  is  often  the  first  sign  of  improve- 
ment, in  spite  of  the  fearful  clinical  picture  which  it  presents. 

A  young  man  who  is  able  to  keep  unconscious  homo.sexual  tendencies  under 
control  in  ordinary  cix  ilian  cii-cum.stances,  may  lose  control  of  these  impulses  in 
the  enforced  physical  intimacies  of  barracks  life  as  a  .soldier.  The  result  may  be  an 
acute  delirium  which  is  .sometimes  referred  to  as  homo.sexual  panic. 

The  following  is  an  instance  in  which  a  previous  state  of  psychological  l)alan(;e 
was  disrupted  by  a  particular  factor.  This  patient  was  a  48  year  old  woman  who 
lived  a  socially  restricted  existence  becau.se  of  cardiac  invalidism.  She  was 
catapulated  into  a  new  world  after  a  succe.s.sful  commissurotomy  for  mitral 
stenosis.  She  had  experienced  no  anxiety  at  all  in  her  .socially  protected  state  of 
in\alidism.  In  this  new  setting,  however,  she  was  overwhelmed  with  anxiet3\ 
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Sexual  wishes  and  fears  which  she  did  not  have  to  face  heretofore,  flooded  into 
consciousness.  She  experienced  difficulty  in  falUng  asleep  and  an  increasing 
tendency  to  early  waking;  both  coninion  signs  of  mounting  anxiety.  When  .she 
was  sent  to  ]Miami,  under  the  common  but  erroneous  impression  that  Miami 
is  a  good  place  for  nervous  people,  .she  became  floridly  p.sychotic.  The  p.sycho.sis 
subsided  only  after  months  of  treatment  in  this  ho.spital.  She  was  discharged 
improved  but  under  continued  outpatient  supervision. 

The  tranquilizing  drugs,  particularly  the  promazines,  achieve  their  mo.st 
useful  application  in  the  treatment  of  acute  excited  states.  The  patient  in  a 
state  of  acute  ps^Thological  defensele.ssne.ss  is,  in  a  fundamental  .sense,  at  a 
crossroad.  To  the  degree  that  the  acute  p.sychotic  reaction  becomes  stabilized 
and  chronic,  this  is  a  malignant  solution  to  the  problem.  Many  times,  however, 
we  are  able  to  reduce  the  quantity  of  anxiety  by  tranquilizers  to  levels  which 
the  patient  is  able  to  tolerate  better.  In  this  .setting  of  reduced  anxiety,  we  have 
an  opportunity'  to  offer  the  patient  ps^'chotherapj'  through  which  he  may 
reorganize  his  defenses  under  more  favorable  circumstances  and  the  result  may 
be  a  more  benign  solution  to  the  p.sychiatric  crisis. 

To  repeat  then,  anxiety  is  first  and  foremost  a  signal  of  danger  and  any  rational 
program  of  treatment  of  anxiety  depends  on  a  search  for  the  danger  to  which 
the  patient  actualh'  is  reacting.  It  must  be  apparent  from  the  cases  cited  that  it  is 
often  difficult  to  delineate  the  p.s\'chological  origins  of  this  anxiety.  These  are 
u.sually  to  be  found  in  the  misconceptions  about  the  world  learned  in  early 
childhood.  It  .should  come  as  no  surprise  therefore,  that  the  patient's  ideas  often 
fly  in  the  face  of  adult  logic  and  are  resistant  to  cormnon  sense.  This  last  remark 
is  not  .said  to  belittle  the  value  of  common  sense  in  general  practice  in  helping 
the  anxious  patient.  On  the  contrary-,  a  warm,  genuine,  human  relationship 
implemented  by  adult  intelligence  is  still  a  most  powerful  psychotherapeutic 
instrument.  Too  often,  however,  common  .*:en.se  alone  is  not  enough.  The  .special- 
ized .•skills  of  the  p.sychiatrist  must  then  be  called  into  play  to  formulate  the 
nature  of  the  psychological  trauma.  The  p.>^ychiatrist  in  turn  must  often  depend 
on  the  special  skills  of  the  clinical  p.sy-chologist  and  the  social  worker  to  complete 
his  own  understanding  of  the  clinical  picture. 

]\Iay  I  end  with  a  (juotation  from  a  great  Jewish  physician-rabbi  of  the  I'ith 
century,  Moses  ^laimonides?  He  said,  ''Emotions  affect  the  body  and  produce 
great  changes  in  the  state  of  one's  health.  Physicians,  therefore,  are  advi.sed  that 
the  emotions  be  observed,  regularlj'  examined,  and  kept  in  balance.  This  is 
essential  for  the  cure  of  every  patient,  especially^  for  mental  ca.ses  like  hypo- 
chondriacs and  patients  afflicted  with  depres.sion  and  melancholia,  ...  or  as- 
sailed V)v  hallucinations,  or  by  ner\  ous  anxiety  in  matters  that  should  not  cau.<e 
distress,  or  by  lack  of  cheer  in  situations  that  u.sually  gi\'e  joy.  The  physician 
should  apply  no  treatment  before  he  removes  the  irritating  causes." 

And  so,  in  psychiatry,  as  in  all  other  Ijranches  of  medicine,  one  .should  seek 
to  replace  therapy  that  is  purely  symptomatic  with  therapy  that  is  rationally 
based  on  an  understanding  of  etiology. 


i{K(  ()(;Nrri()\  and  ma\.\(;kmi:nt  ok  i'svciii atiuc  bisohdkks 
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( 'liairniaii  Kaut'inaii : 

Thank  you  xcrv  inucli,  Dr.  I. inn. 

The  next  area  loi'  di.-^cus.sion  is  aii;ain  a  \iny  coinnioii  one,  J )('i)i'('ssi()n.  Dr. 
Zuckcr  will  make  tli(>  prosontatioii. 

DKl'HKSSION 

(V/.sT  R( poii 

1  )r.  I  low  ard  1 ).  Zuckcr : 

Mrs.  S.,  a  65  year  old  w  liitc  .J(>\\  isli  housewife,  was  admitted  to  I  he  P.-^vfliiatric  Service  of 
our  hospital  on  August  14,  l!)o().  Her  presenting  complaints  were  w  eakness,  weight  loss  and  a 
hopelessness  al)out  her  ])h\-sical  condition.  Some  of  her  somatic  pn'occui)ations,  in  addition 
to  weakness  and  weight  loss,  included  diabetes  mellitus,  sleeplessness,  anorexia  and  i^ainful 
gums.  The  husband  had  also  rei)orted  that  his  wife  had  been  very  fearful  during  the  jiast 
week  and  that  she  was  so  disturi)ed  and  so  disturbing  at  night,  that  neither  of  them  covdd 
sleep.  The  onset  of  the  ])resent  illness  was  extremely  difhcult  to  pini)oint  in  time.  The 
patient  herself  did  not  admit  to  psychiatric  illness.  The  husband  and  each  of  the  patient's 
four  children  were  ciuestioned  and  none  of  them  could  give  an  accurate  date  of  onset.  We 
might,  for  convenience,  use  the  patient's  complaint  of  jniinful  gums  as  a  landmark,  in 
which  case  her  illness  was  two  years  in  duration.  Or  we  might  use  the  suggestion  of  one  of 
her  daughters  that  change  of  residence  and  neighborhood  about  a  year  before  marked  a  real 
change.  In  any  case,  the  family  showed  considerable  agreement  in  the  descrii)tion  of  the 
illness.  The  patient  had  become  intensely  preoccupied  with  her  health.  She  had  been  to 
dozens  of  jjhysicians,  but  was  never  satisfied  with  the  advice  or  treatment  which  she  got. 
In  addition,  she  frequently  accused  her  husband  of  infidelity,  apparently  groundlessly. 
Eventually  the  pressure  of  the  ])atient's  comi)laints  led  to  her  being  hospitalized  April  of 
1956  with  a  diagnosis  of  Involutional  Melancholia.  She  received  six  shock  treatment  over  a 
nine  day  period  and  improved  only  to  relapse  c^uite  promptly.  The  patient  was  readmitted 
three  weeks  after  discharge  and  underwent  another  series  of  ten  shock  treatments,  and,  in 
addition,  four  teeth  were  removed.  She  was  discharged  improved  on  June  9th  but  after  a 
few  weeks  the  patient  again  relapsed.  In  addition  to  the  complaints  already  described,  she 
now  developed  a  fear  that  peo])le  in  the  neighborhood  were  looking  at  her  unfavorabh' 
because  she  was  thin  and  poorly  dressed.  She  hated  to  go  in  the  street.  On  repeated  ques- 
tioning, only  a  bare  j)icture  of  the  jiatient's  past  life  was  obtained.  A  few  of  the  salient  facts 
will  be  mentioned.  The  patient  was  born  in  Poland,  the  youngest  of  five  chiklren.  She  had 
little  schooling.  Her  father  died  when  she  was  14  years  old.  She  came  to  New  York  City 
with  her  mother  and  other  family  members  at  the  age  of  16  years  following  a  pogrom.  The 
patient  met  her  husband,  a  dress  operator,  when  she  was  19  years  old  and  married  at  the 
age  of  21.  While  the  children  were  growing  up  the  ])atient  seemed  to  have  been  the  dominant 
figure  in  the  house,  raising  the  two  sons  and  two  daughters,  being  active  in  the  local  com- 
munity, handling  the  money.  She  was  an  excellent  shopper  who  haggled  with  relish  and  felt 
victorious  when  she  got  a  bargain.  The  husband  and  wife  always  had  economic  difficulties 
and  debates.  He  wanted  to  save  money  for  business  ventures  and  she  wanted  to  si)end  it  for 
clothes  and  for  an  active  social  life.  Three  years  prior  to  entiy  this  marital  tension  reached 
a  point  at  which  the  couple  had  a  temporarj-  separation. 

The  patient's  first  known  depression  came  in  1942  when  she  was  51  years  okl.  The  onset 
came  about  a  year  after  the  patient's  mother  died  in  an  accident,  at  a  time  when  one  son 
went  into  the  army  and  the  other  son  became  ill  with  tuberculosis.  This  was  also  about 
the  time  of  the  patient's  menopause.  Inuring  this  illness  the  patient  showed  agitation  and 
depression  and  expressed  the  delusion  that  she  had  been  jioisoned  by  toxins  from  her  sick 
son.  She  was  hospitalized  at  a  sanitoriimi  where  she  recieved  a  course  of  electroshock  ther- 
apy and  was  dischaiged  improved.  It  was  at  about  this  time  that  the  patient  developed  the 
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idea  of  her  husband's  infidelity  which  has  never  since  been  relinquished.  The  patient  re- 
mained reasonably  well  adjusted  from  1942  until  1946.  Aside  from  the  fact  that  her  son  was 
discharged  from  the  armj'  that  year,  we  have  no  data  relating  specifically  to  this  period.  We 
do  know  that  the  sj'mptoms  of  agitation  and  depression  recurred  and  that  the  patient  re- 
ceived a  course  of  ambulatory  shock  treatment  in  the  office  of  a  psj  chiatrist .  Again  remis- 
sion was  obtained  and  the  patient  maintained  a  fair  adjustment  from  1946  until  the  present 
illness,  whenever  we  shoose  to  date  that. 

On  admission  we  were  presented  with  a  fearful,  agitated,  somatically  preoccupied  65 
j'ear  old  woman  who  was  in  good  physical  condition  except  for  moderately  severe  diabetes 
mellitus.  Her  fasting  blood  sugar  concentration  was  172  milligrams  per  cent.  There  was 
atrophy  of  both  thighs  and  early  cataracts  bilaterally  of  which  the  patient  was  unaware. 

Possible  factors  in  upsetting  the  patient's  equilibrium  are  listed  as  follows:  Her  increas- 
ing age,  the  departure  of  the  last  child  from  her  household  four  j-ears  prior  to  admission, 
the  previously  mentioned  brief  separation  from  her  husband  three  years  before  entry  and 
the  change  of  neighborhood  about  one  year  previoush-  which  required  the  separation  from 
a  famih'  ph\sician  with  whom  the  patient  had  had  a  good  relationship  and  in  whom  she 
had  had  consideral)le  confidence. 

The  patient's  picture  changed  rapidly  during  her  first  24  hours  in  the  hospital.  Her 
somatic  preoccupations  disappeared  and  were  replaced  bj'  delusions  that  she  was  being 
poisoned  and  that  her  family  was  dead  or  dying.  She  received  a  course  of  nine  shock  treat- 
ments over  a  30  day  period  and  during  this  time  a  social  worker  carried  out  an  active  pro- 
gram with  the  family,  since  it  was  felt  that  a  change  in  their  attitude  was  essential  if  relapse 
were  to  be  prevented. 

The  patient  improved  markedly  and  was  discharged  on  September  24,  1956  to  a  convales- 
cent home  and  then  to  her  own  home.  She  had  only  mild  somatic  complaints.  The  importance 
of  sustained  contact  with  one  and  only  one  family  physician  was  stressed  to  the  patient  and 
to  her  family.  The  patient  chose  one  with  whom  the  patient's  program  was  discussed.  The 
patient  received  two  maintenance  shock  treatments  at  roughly  one  month  intervals  and 
she  was  seen  in  the  Out-Patient  Department  at  graduallj'  lengthening  intervals.  At  present 
she  is  being  seen  once  a  month.  On  this  regime  she  has  gained  weight,  is  cheerful  and  is 
much  less  somatically  preoccupied.  She  sleeps  well  and  feels  more  relaxed  with  her  neigh- 
bors. Social  Service  has  continued  to  work  actively  with  the  husband,  a  factor  which  cannot 
be  overemphasized.  Both  the  patient  and  her  family  are  satisfied  with  her  condition  al- 
though the  patient  is  still  complaining  to  a  certain  degree  of  painful  gums. 

Chairman  Kaufman : 
Thank  you,  Dr.  Zucker. 

The  discussion  of  depression  will  be  by  Dr.  Bernard  C.  Meyer.  Dr.  Linn 
always  ends  the  discussion  with  a  quotation,  Dr.  Meyer  always  begins  with  one. 

Discussion 

Dr.  liernard  C.  Meyer: 

^ly  (luotation  is  not  from  Maimonides,  although  it  in\-olves  a  co-religionist. 
This  is  from  The  Merchant  of  Venice.  "In  sooth,  I  know  not  why  I  am  so  sad. 
It  wearies  me.  You  say  it  wearies  you.  But  how  I  caught  it,  found  it  or  came  by 
it,  what  stuff  t'is  made  of,  whereof  it  is  born,  I  am  to  learn.  And  .such  a  want  wit 
sadness  makes  of  me  that  I  have  much  ado  to  know  my.self." 

In  its  full  expression  no  human  attitude  of  suffering  engages  more  general 
recognition  than  does  the  state  of  depression.  Yet  this  mood  disturbance  char- 
acterized l\v  sadness,  lack  of  interest,  motor  retardation,  withdrawal  of  attention 
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and  lack  ot  appetite  is  not  to  In-  construed  as  a  disease  in  itseit,  hut  as  a  mani- 
festation of  a  \-arioty  of  emotional  disturl)aii(',es  whieli  range  in  intensity  from 
the  mild  "blues"  to  black  and  suicidal  despaii-.  I)(>pr(>ssioii  is  a  conunon  feature 
in  many  neuroses.  Seen  in  adolescents  or  younj;'  adults,  it  may  betoken  a  develop- 
ing schizophrenia.  In  others,  it  may  constitute  a  i)hase  of  a  manic-depressive 
illness.  In  late  middle  life,  this  symptom  appears  as  the  outstanding  manifesta- 
tion of  involutional  melancholia.  In  othei-  instances,  it  may  be  an  initial  signal 
of  developing  organic  brain  disease.  In  its  most  understandable  setting,  it  arises 
as  a  reaction  to  a  lo.ss  of  someone  or  something  held  dear.  Thus  the  grief  that  we 
call  "mourning"  reflects  the  sense  of  emptiness  that  follows  death.  Despondency 
may  also  appear  as  a  reaction  to  a  gi-ie\  ()us  disappointment,  to  a  withdrawal  of 
sonieone'.s  love,  to  .sickness,  to  a  loss  (rf  a  part  of  the  body  or  to  the  collapse  of  all 
that  one  has  painstakingly  Iniilt. 

Less  comprehensible  are  tho.se  states  of  melancholia  accompanied  liy  tor- 
mented expressions  of  unworthiness,  self-depreciation,  guilt,  and  not  rarely 
terminated  by  self-destruction,  which  occur  in  individuals  who  seem  to  "have 
everything  to  live  for,"  and  whose  suicide  provokes  an  expression  of  incredulity 
and  bewilderment.  In  this  category  are  those  depressions  which  follow  the 
retirement  from  acti\'e  affairs  of  a  successful  business  man,  de\'elop  in  the 
mother  of  a  recentlj^  married  son,  occur  in  a  young  wife  at  the  conclusion  of  a 
pregnancy  during  which  she  appeared  happier  and  more  blooming  than  ever, 
accompany  the  ultimate  achievement  of  success  in  a  chronically  unsuccessful 
individual,  and  appear  in  a  habitually  outwardly  good-natured  man  following 
the  .successful  lowering  of  his  arterial  hypertension  by  drugs.  What  has  happened 
to  these  indi\'iduals  to  explain  the  unexpected  appearance  of  the  mood  of  melan- 
choly? To  gain  an  understanding  of  the  genesis  of  such  depressions,  it  is  instruc- 
tive to  observe  the  typical  depressive  reactions  that  have  been  noted  in  infants 
during  the  first  few  months  of  life  which  are  attributalile  to  the  withdrawal  of 
maternal  care,  loving,  holding  and  stimulation.  The  later  development  of  many 
depressive  reactions  follows  this  model  wherein  the  mood  of  sadness  and  despair 
can  be  correlated  with  a  sense  of  loss  which  is  closely  akin  to  the  pervasi\'e  sense 
of  hunger  for  a  missing  someone  or  something.  Whereas  in  the  infant  this  hunger 
pertains  especially  to  a  mother's  love  and  nourishment,  in  the  older  child  or 
adult  this  same  hunger  may  reflect  a  loss  of  inner  satisfaction,  a  loss  of  self- 
respect,  a  loss  of  a  sense  of  usefulness,  or  a  lo.ss  of  capacity  for  fruitful  produc- 
tivity. Depressive  reactions  of  this  type  tend  to  occur  characteristically  in 
individuals  who,  lacking  an  adequate  inner  .sense  of  worth,  are  especially  de- 
pendent upon  a  continuous  stream  of  supplies  of  love,  popularity,  success  and 
esteem  both  from  the  \\'orld  outside  and  from  within.  There  is  little  tolerance 
amongst  them  for  even  minor  failures,  while  an  unquestioned  triumph  may 
bestow  but  a  temporary  satisfaction  for  those  spirits  which  possess  an  insatiable 
need  for  inner  and  outer  proofs  of  worth.  Indeed  this  very  need  predisposes  such 
individuals  to  ea.sy  hurt  and  recurrent  di.sappointment,  which  lead  in  turn  to  deep 
resentment  and  intense  anger  at  the  frustrating  environment.  Such  attitudes, 
howe\'er.  are  often  concealed  behind  a  facade  of  painful  melancholy  so  that  many 
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of  the  self -tormenting  accusations  of  the  depressed  appear  to  apply  more  ap- 
propriately to  someone  else,  who  has,  in  fact,  created  the  sense  of  frustration 
rather  than  to  the  subject  himself.  In  many  depressix'e  states  there  lurks  there- 
fore a  ^-ast  accumulation  of  hidden  rage  whose  ultimate  expression  may  lie  in  a 
desire  to  kill,  a  desire  which  ma3'  e\-entuate  as  self-murder  or  suicide. 

Seen  in  this  light,  a  number  of  puzzling  depressive  reactions  as.sume  greater 
clarit}'.  The  retired  business  man,  unequipped  with  inner  resources,  falls  a  prej^ 
to  depression  because  he  has  relinciuished  the  one  area  of  functioning  which 
pro^■ided  him  with  a  .sen.se  of  achie\'ement  and  inner  worth.  Similarly,  the 
inv  olutional  depression  occurs  typicalh'  in  those  women  for  whom  biological 
creat.iv-ity  and  attractiveness  constitute  an  e.s.sential  bulwark  of  both  their  .self- 
esteem  and  their  capacity'  to  elicit  love.  The  mother  who,  with  the  marriage  of 
her  son,  becomes  de.spondent  is  expressing  both  a  sense  of  loss  of  a  po.s.session 
and  rage  at  her  deserting  .son  and  her  "kidnaping"  daughter-in-law.  The  young 
wife,  being  pregnant  constituted  a  sense  of  inner  fulfillment,  a  .species  of  built-in 
richness  to  whom  the  act  of  delivery  means  a  .separation  or  a  loss  akin  to  those 
typical  menstrual  or  premenstrual  depressions  of  so  many  women  who  discern  in 
their  periodic  emptying  a  recuri'ent  reminder  of  their  .sen.se  of  unfulfillment. 
It  is  pertinent  to  ob.serve,  parenthetically,  that  mo.st  female  .suicides  are  said  to 
occur  in  close  temporal  relationship  to  the  menstrual  period.  Childbirth  may 
give  rise  to  depres.sion  in  the  father,  as  well  as  in  the  mother,  .serving  as  a  repeti- 
tion of  an  earlier  .sense  of  abandormaent  and  rage  when  a  baby  sibling  was  born. 
Particularly  impressi\"e  are  tho.se  depressions  which  occur  accompanying  success 
or  achievement  or  a  .sudden  release  from  chronic  suffering.  Guilt  over  competitive 
strivings,  for  example,  warded  off  characteristically  by  the  punsuit  of  chronic 
failure,  may  prove  overwhelming  in  the  face  of  triumph.  In  this  category  are 
those  depressions  which  follow  the  realization  of  some  long-sought  dream;  the 
ideal  home,  for  example,  after  years  of  unsatisfactory  living  accommodations. 
Here  an  inner  sense  of  unworthiness  may  find  expression  in  the  idea,  "This  is  too 
good  for  me."  Similar  reactions  ma\'  foUow  promotions,  advancement  or  gradua- 
tion. Phj^sicians  should  be  on  the  alert  for  comparable  con.sequences  following 
the  cure  of  chronic  illness  or  sub.sefiuent  to  the  removal  of  physical  blemishes  of 
long  standing.  Nowhere  is  this  more  striking  than  in  the  held  of  heart  surgery 
where  a  significant  improvement  in  cardiac  function  is  suddenly  thrust  upon 
individuals  who,  over  a  period  of  many  years,  have  learned  to  meet  the  world 
about  them  with  the  p.sychological  defen.ses  and  reactions  of  the  .semi-invalid. 
Other  examples  will  be  mentioned  below. 

Characteristic  of  many  basically  depressed  indiv'iduals  is  a  tendency  toward 
concealment  of  their  distress,  for  people  endeavor  to  avoid  the  pain  of  depression 
much  as  thej'  strive  to  escape  from  physical  pain.  As  a  consequence  many  an 
underlying  depression  remains  hidden  beneath  an  assortment  of  defenses  or 
sulxstitute  expres.sions.  In  an  endeavor  to  guarantee  an  endless  .supply  of  love  or 
reassurance,  for  example,  such  persons  may  indulge  in  a  variety  of  addictions. 
These  compri.se  not  only  drugs,  tobacco  and  alcohol,  but  food,  as  in  the  compul- 
sive eater,  and  people  such  as  an  addiction  to  people  characterized  by  an  in.sistent 
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need  to  collcrt  an  uiiciuliiiii  stream  ot  actniaiiitaiiccs  and  vvvn  low  paitnci's. 
Others  who  (■()nil)at  the  tlucat  ot  (l(>i)ression  l)y  a  constant  acti\  ily  and  repeated 
produetivity.  are  consecnientJy  iinal)le  to  enf!;age  in  passixc  relaxation.  Such 
reactions  may  at  times  assume  a  picture  of  \irtual  hypomaiiia.  Despite  these 
efi'orts,  manifestations  of  the  underlying  depressive  trends  may  emerge  in  a 
variety  of  guises,  as  for  example,  in  multiple  subject i\-e  complaints  embracing 
anorexia,  weakness,  fatigue,  insomnia,  headache,  diffuse  pains  and  aches  and  a 
tendency  towards  hypochondriasis.  Depression  plus  a  concomitant  self-destruc- 
tive drive  may  al.so  underlie  the  tendency  of  some  indi\itluals  to  submit  to 
repeated  surgical  experiences.  Somatic  illness,  notably  gastrointestinal  disease, 
asthma  and  hypertension,  may  likewise  .sei'\-e  as  substitutions  for  an  underlying 
depression.  It  has  been  noted,  for  example,  that  cure  oi-  relief  of  such  conditions 
may  be  followed  by  the  apjjearance  of  depression,  a  conseciuence  which  has 
become  repeateilly  evident  in  the  successful  use  of  hy])otensi\  e  drugs,  as  a  residt 
of  which  severe  depressixe  icactions  erroneously  attributed  to  the  drug  itself, 
replaces  a  previously  ele\ate(l  blood  pressure.  Similar  obserxations  have  been 
made  in  other  psychosomatic  afflictions.  In  an  analogous  manner  the  removal 
of  other  l)arriers  to  a  depressive  reaction  may  release  a  long  pent-up  melancholy. 
Thus  the  patient  who  wards  off  his  despondency  by  compulsixc  eating,  may 
experience  an  overwhelming  depression  after  the  successful  undertaking  of  a 
reducing  diet.  Similarly  the  advent  of  coronary  thrombosis  depri\  ing  a  habitually 
compuLsively  energetic  man  of  his  usual  defense,  namely  action,  may  unleash  a 
major  depressive  reaction.  And  finally,  the  warding  off  of  a  depression  l)y  an 
attitude  of  chronic  optimism  voicing  the  expression,  "Things  will  be  brighter 
tomorrow,"  may  be  brought  to  a  rude  and  .sudden  halt  by  the  realization  fur- 
nished by  signs  of  advancing  age  that  there  aren't  too  many  tomorrows  left. 

Treatment.  The  picture  of  o\ert  classical  depre.s.si<)n  necessitates,  as  a  rule,  a 
p.sychiatric  opinion  concerning  the  underlying  diagnosis,  the  risk  of  .suicide  and 
the  proper  selection  of  treatment.  The  diagnostic  possibilities  embrace  not  only 
the  major  p.sychoses,  neurotic  depressions  and  reactive  depressions,  but  organic 
disea.se  of  the  brain  as  well.  These  considerations  as  well  as  the  therapeutic 
potentialities  will  determine  whether  hospitalization  is  indicat(>d  or  not  and 
whether  treatment  should  proceed  along  p.sychotherapeutic  or  physical  lines. 
The  fact  that  a  depression  has  arisen  as  a  reaction  to  external  events  or  situations 
in  no  wise  diminishes  the  potential  gravity  of  the  problem.  There  are  losses  too 
overwhelming  to  be  endured  and  death  so  painful  that  only  a  reunion  with  the 
decea.sed  through  suicide  cmi  bring  peace.  In  all  depressions,  in  fact,  there  is  a 
potential  risk  of  suicide;  a  risk  which  must  l)e  evaluated  with  extreme  care. 
Suicidal  threats  or  gestiu'es  should  never  be  taken  lightly  nor  should  comfort 
be  .sought  in  the  cliche  that  "people  who  talk  about  it  don't  do  it."  The  ingestion 
of  large  amounts  of  relati\-ely  iimocuous  drugs,  iov  example,  aspirin,  generally 
.should  be  regarded  as  a  suicidal  gesture,  aiul  it  should  be  remembered  that  some 
suicides  are  (luasi-accidents  occiu-ring  in  an  individual  who  con.sciously  meant 
only  to  toy  with  self-destiuction.  The  phrase  "jumped  or  fell,"  epitomizes  the 
narrow  margin  which  may  deteimine  the  opjjosing  impulses  b(>setting  some  sui- 
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fidal  individuals.  The  first  measure  to  be  undertaken  in  the  care  of  depressed 
patients,  therefore,  is  to  protect  him  from  self-injury.  Whether  this  recjuires 
ho.spitalization,  round-the-clock  nursing  care,  or  a  more  ca.sual  sur\-eillance  must 
be  carefully  determined.  The  element  of  the  danger  of  suicide  may  determine 
also  the  method  of  treatment,  for  although  electro-.shock  3'ields  spectacular 
results  in  many  cases  of  depression,  its  indiscriminate  use  in  all  depressive 
reactions  as  a  routine  measure  is  lamentable,  and  when  it  is  safe  to  do  so,  its  u.se 
should  be  po.stponed  pending  a  trial  of  psychotherapy,  en\-ironmental  manipula- 
tion and  so  forth.  Despite  advertising  claims,  the  u.se  of  drugs  in  severe  depres- 
sion tends  to  be  unimpressive.  In  fact,  some  of  the  so-called  trancjuilizers  appear 
to  aggravate  or  initiate  depressions.  Cases  of  fatality  have  been  reported  among 
patients  receiving  reserpine  and  electro-shock  in  clo.se  temporal  proximity. 

There  are  other  reacti\  e  depressions,  however,  in  which  the  passage  of  time 
and  supportive  role  of  other  persons  may  .succeed  in  bringing  about  a  happier 
outcome.  This  is  e.specially  evident  in  the  realm  of  physical  di.sea.se  wherein 
loss  of  function  or  loss  of  body  part  may  carry  a  severe  depressi\  e  potential,  for 
example,  in  polionn-elitis,  after  breast  amputation,  or  the  institution  of  a  colos- 
tomy. Similar  reactions  may  follow  the  birth  of  a  defective  child.  In  this  area 
the  role  of  the  attending  physirian  assumes  paramount  importance,  for  the 
recovery  from  the  deep  hurts  to  self-esteem  engendered  by  such  occurrences  may 
be  considerably  enhanced  or  retarded  by  the  attitudes  manifested  by  environ- 
mental figures,  among  whom  the  physician  often  plays  a  major  part.  Such 
misfortunes,  often  construed  by  the  subject  as  a  partial  death,  mu.st  be  counter- 
acted by  expressions  of  continued  interest  and  warmth  by  tho.se  upon  whom  the 
patient  sets  store.  Xor  do  the  needs  of  patients  for  .such  manifestations  correspond 
necessarily  to  the  .severity  of  the  mutilation  or  to  the  .seriousness  in  the  alteration 
of  body  function.  There  are  po.st-hemorrhoidectomy  patients,  for  example, 
whose  need  for  signs  of  continued  attention  and  concern  may  exceed  tho.se  who 
have  endured  a  di.sfiguring  amputation.  The  entire  process  of  con\'alescence  is, 
in  fact,  .strikingly  influenced  by  an  inner  conviction  of  being  loA'ed.  Most  sick 
persons  wish  to  get  well,  but  there  must  be  indications  to  them  that  it  is  worth- 
while. To  this  end  they  may  achieve  a  vast  encouragement  from  the  beckoning 
finger  of  a  devoted  physician  and  the  warm  smile  of  his  affection. 

The  non-p.sychiatrist  physician  also  plays  a  major  role  among  those  patients 
whom  we  have  designated  as  concealed  depre.ssives.  Such  individuals,  exceed- 
ingly common  in  all  medical  practice,  often  present  inconsistent,  recurrent  and 
puzzling  complaints  which  must  be  understood  as  depres.sion  substitutes.  These 
are  the  chronicallv  unhappy  individuals  whose  di.stre.ss  is  expre.ssed  in  eating 
disturbances  and  in  various  physical  complaints  ranging  in  origin  from  hypo- 
chondriasis to  true  p.^ychosomatic  disease.  The  recognition  of  the  underlying 
p.sychologic  disturbance  is  an  essential  element  in  the  treatment  of  those  persons 
whose  complaints,  far  from  being  dismissed  as  trivial,  imaginary  or  "due  to 
tension,"  must  be  recognized  as  disguised  frantic  cries  for  help.  Often  times  these 
patients  seek  out  in  their  medical  visits  a  warm  and  trusting  relationship  with 
the  one  human  being  with  whom  they  secretly  long  to  share  their  woes.  Here 
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I  lie  percept  {)hysici;iii  may  l)rinj2;  coiisideralilc  relict  l)v  a  warm,  Iricndly  and 
understandinji;  response,  whereas  a  sifiii  of  impatience  or  irrital)ility,  may  only 
>er\e  to  deepen  the  (hstress.  Tlie  i)hysician's  recof^nition  of  the  true  nature  of 
the  patient's  complaints  may  serve  as  encouraf^ement  for  a  frank  unc.o\'erin<i;  of 
seeret  unhappiness  lea\'in<>;  the  i)atien1  to  face  o|)enly  for  perhajjs  the  first  time, 
th(>  problems  and  conflicts  l)y  which  he  is  confronted. 

finally,  it  is  urji;e(l  that  the  i)hysician  treatinj;;  somatic  disease  reco<!;nize  the 
vast  potential  for  depression  which  may  he  released  as  a  conse(|uence  of  allevia- 
tion or  cure  of  the  condition.  I'or  this  reason  it  is  imperative  that  doctors  treatiiif^ 
cases  of  chronic  arthritis,  peptic  ulcer,  asthma,  obesity,  hypertension  and  so 
forth.  l)e  in  j)ossession  of  a  consi(leral)le  knowledf>;e  of  the  peisonality  and  emo- 
tional orjianization  of  his  subject. 

Ill  summary,  whereas  the  manaji;emeiit  of  major  depressions  often  demand  the 
services  of  the  psychiatrist,  the  l)road  scope  of  the  jiroblem  of  depression  t()U(^he.s 
upon  all  aspects  of  medical  i)ractice  and  demonstrates  thereby,  in  renewed 
athrmatioii  the  concept,  that  the  treatment  of  the  sick  must  be  directed  not 
alone  at  the  sickiie.ss  but  at  the  patient  as  a  total  human  being. 

Chairman  Kaufman : 
Thank  you.  Dr.  Meyer. 

The  next  category  for  di.scussion  is  the  broad  one  of  schizophrenia.  Dr.  Reiser 
will  make  the  clinical  presentation. 

SCHIZOPHKK.MA 

Case  Report 

Dr.  Albert  I.  Rei.ser: 

This  patient  is  a  21  year  old  unmarried  girl  who  wa.s  working  on  lier  nia.ster'.s  degree  at  the 
time  of  her  admission  to  the  hospital.  The  acute  i)hase  of  her  illness  began  one  month  prior 
to  her  admission  when  she  liecame  confused  and  tlisorganized  in  her  behavior.  Finally  she 
was  unable  to  find  her  way  around  the  c\iy,  began  to  dress  in  a  slovenly  fashion,  could  not 
locate  belongings  in  her  own  room,  and  ultimatelj'  was  unable  to  dress  herself.  This  acute 
phase  was  brought  about  by  a  number  of  interacting  factors  in  fier  current  life.  These  in- 
cluded her  own  decision  to  move  away  from  her  parents  and  live  with  a  roommate  in  the  city, 
a  progressively  close  relationship  with  her  psychotherapist,  the  pressures  of  working  full- 
time  during  the  day  and  attending  school  in  the  evening,  and  involvement  in  [jromiscuous 
sexual  relationships. 

Two-and-a-half  years  jjrior  to  admission  the  i)atient  began  seeing  a  ]jsychiiif  rist  once 
weekly.  Her  reasons  for  beginning  j)sychotherai)y  at  that  time  were  a  series  of  vague  com- 
plaints. These  included  the  feeling  that  she  was  drifting  in  her  goal.  She  was  a  .Junior  in 
college  and  was  uncertain  as  to  where  her  true  interests  la\'.  .Vlso  she  complained  of  fighting 
with  her  parents,  unsatisfactory  relationships  with  schoolmates,  a  feeling  of  apathy  about 
her  problems  at  tliat  time  as  contrasted  to  earlier  in  her  life  when  she  took  herself  more 
seriously,  and  a  feeling  that  she  was  frigid.  During  two  years  of  treatment  she  was  con- 
sidered to  be  a  neurotic  girl  with  severe  but  relatively  typical  problems  of  late  adolescence. 
However,  early  in  the  course  of  treatment  two  complaints  appeared  which  hinted  at  the 
presence  of  a  severe  untlerlying  mental  illness.  These  were  her  feelings  that  sometimes 
pcoi)lc  did  not  reall>'  exist  when  she  was  with  them  and  an  episode  during  which  she  thought 
the  psychiatrist  seemed  to  be  melting  into  his  chair.  However,  it  was  only  when  the  acute 
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phase  of  the  patient's  ilhiess  began  with  feelings  of  confusion  and  unreality  that  it  became 
obvious  that  a  schizophrenic  reaction  was  taking  place. 

At  first  glance  the  early  life  history  of  this  patient  presents  a  relativelj"  normal  picture. 
As  an  infant,  the  patient  was  the  env\-  of  her  mother's  friends.  She  was  an  exceptionally 
good  child  who  rarely  cried  and  who  was  content  to  sleep  most  of  the  time.  The  patient  l)e- 
gan  to  speak  a  few  words  when  she  was  eight  months  old  and  walked  when  she  was  fourteen 
months  old.  She  learned  to  care  for  herself  earlier  than  most  children  do.  The  patient's 
father  was  a  professional  man  and  he  demanded  that  high  standards  be  met  by  the  patient 
and  her  only  sibling,  a  brother  three  years  her  junior.  From  the  first  grade  on,  only  A  grades 
were  tolerated  and  rarely  did  the  patient  bring  home  anything  less.  By  the  time  the  patient 
was  twelve  years  old  she  was  talking  about  wanting  to  be  independent  and  live  awaj-  from 
her  family.  During  her  high  school  }"ears  the  patient  attended  a  private  school  where  she 
did  well  academically.  During  this  period  the  ])atient  was  considered  to  be  bright  and 
healthy  bj'  both  family  and  friends.  In  college  the  patient  attended  three  schools  in  four 
jears.  After  a  poor  start  in  her  first  year,  she  did  well  and  it  seemed  that  her  future  was 
promising.  A  more  careful  examination  of  the  patient's  history  revealed  certain  significant 
trends.  As  mentioned  before,  the  patient  slept  almost  24  hours  a  day  as  an  infant.  She  rarely 
cried  and  she  was  rarely  picked  up  and  held.  At  the  age  of  four  years  she  developed  severe 
eczema  and  hay  fever  but  general! j-  she  was  in  good  health.  From  the  very  earliest  time,  the 
patient  was  considered  to  be  a  shj-  child.  Although  she  would  be  friendly  to  a  few  of  her 
relatives,  most  were  avoided  completeh'  whenever  they  came  to  visit  the  family.  In  other 
words,  she  was  withdrawn  although  she  was  never  thought  to  be  such  by  the  family.  As  she 
got  older  it  was  noted  that  the  patient  seemed  to  live  through  others.  She  always  knew 
what  other  people  wanted,  disliked,  and  she  would  take  over  attitudes  of  important  people 
in  her  environment  in  toto.  She  never  seemed  to  have  feelings  and  attitudes  that  came 
from  within  herself,  but  rather  she  knew  intellect vuxlly  how  other  people  felt  about  different 
things  and  so  she  made  up  for  some  inner  lack  by  outer  imitation.  During  her  last  two  years 
of  college,  the  patient  entered  into  numerous  imsatisfactory  relationships  with  schoolmates 
whose  own  emotional  development  seemed  far  from  ideal.  It  is  seen  then  that  when  she 
became  less  withdrawn  she  was  quite  promiscuous. 

This  patient's  parental  attitudes  were  quite  striking.  Her  father  would  refuse  to  talk  to 
her  for  weeks  on  end  when  she  was  onlv  twelve  years  old  and  then  suddenly  would  be  friendly 
and  want  to  be  pals.  This  would  be  followed  by  more  weeks  of  silence  and  the  pattern  con- 
tinued. The  patient's  mother  also  vacillated  wideh'  in  her  behavior  towards  her  daughter. 
Frequently  the  patient's  emotional  and  material  needs  would  be  completely  ignored  only 
to  be  followed  by  a  deluge  of  attention  and  newly  purchased  clothing.  As  the  patient  said, 
"There's  one  thing  I  could  always  coimt  on  in  my  family.  The>-  wouki  say  one  thing  and  do 
another." 

On  admission  to  the  hospital,  the  patient  was  extremely  confused  and  disorganized.  She 
was  unable  to  walk  down  the  hall  and  find  her  way  back  to  her  own  room.  She  could  not  keep 
track  of  the  few  articles  of  clothing  she  had  with  her.  Her  speech  was  so  circumstantial  that 
she  could  not  complete  a  single  sentence  with  the  same  thought  with  which  she  had  begun. 
During  her  first  month  on  the  ward  a  florid  paranoia  developed  which  began  with  fellow 
patients  and  expanding  to  include  the  hospital  and  the  city.  Because  of  the  development  of 
jaundice,  Thorazine®  was  discontinued  after  the  first  week  of  hospitalization,  and  the 
patient  was  given  no  other  medication  during  the  acute  phase  of  her  illness.  She  was  seen  in 
intensive  psj'chotherapj'.  Graduallj-  the  patient  began  to  accept  her  paranoid  ideas  as  her 
own  feelings.  Ideas  of  reference  were  then  dreamt  about  rather  than  expressed  during  the 
waking  state.  Then  the  patient  began  to  withdraw  and  isolate  herself  and  she  said  that  she 
detached  her  feeling  to  the  point  where  she  felt  dead  and  empty  inside.  Ultimately  she  ac- 
cepted her  feelings  more  as  her  own  and  again  established  gradual  relationships  with  other 
patients  and  the  ward  personnel. 

This  is  merely  the  first  phase  in  a  long  treatment  program.  Xo  cure  is  presently  available. 
This  patient,  like  the  diabetic,  will  need  life-long  management.  She  will  have  periods  of 
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deiH)nii)cns;Uion  and  vigorous  i  lici  apy  w  ill  ho  rciniiicd.  Ho])efully,  hor  inteliccf  iial  ability 
and  artistic  talent  with  which  slic  is  endowed,  can  he  utilizetl  during  periods  of  renii.s.sion 
with  resultant  gains  to  hoth  the  i)atient  and  the  connnunitj-. 

Cliairniiiii  Kaiif man : 
Thank  yon,  Dr.  Reiser. 

The  di-sciLssioii  of  this  area  will  he  in-  Dr.  iJarry  Weiiistock. 

Discnssion 

Dr.  Harry  1.  \\'eiiisto(  k : 

I  should  like  to  direct  my  discussion  t(j  these  iinestioiis:  What  is  our  modern 
concept  of  schizophrenia?  What  are  the  .symptoms  of  early  schizophrenia?  Why 
is  it  important  to  detect  schizophrenia  in  its  early  stafies?  What  are  the  broad 
principles  of  management  of  early  schizophrenia? 

Schizophrenia,  like  carcinoma,  is  a  concept  that  includes  a  wide  variety  of 
similar  and  different  conditions.  So  much  so,  in  fact,  that  abroad  the  Germans 
speak  instead  of  the  ".schizophrenias".  Like  carcinoma,  when  the  disea.se  is  well 
advanced,  diagnosis  usually  is  obvious,  but,  al.so  like  carcinoma,  diagnosis  in  the 
begimiing  or  early  stages  often  is  difficult,  uncertain  and,  .sometimes,  impos- 
sible to  e.stablish  by  any  tests,  even  though  it  may  be  strongly  suspettted.  Some 
cases,  too,  move  inexorabh'  to  disaster;  others  are  mild,  sometimes  completely 
cured;  and  yet  others,  though  limiting,  are  still  consistent  with  a  long  period  of 
sati.sfactoiy  functioning. 

The  cause,  as  with  carcinoma,  is  still  unknown.  Hereditary,  constitutional 
and  environmental  factors  have  been  described.  Yet,  the  exact  influence  of  each 
is  not  certain.  Not  all  pipe  smokers  get  carcinoma  of  the  lip  and  not  all  (children 
who  have  unfa\  orable  enviromnents  or  .schizophrenic  heredity  develop  .schizo- 
phrenia. Rudin  and,  later,  Kallman  ha\-e  shown  that  when  .schizophrenia  occurs 
in  one  of  two  identical  twins,  it  is  found  in  the  other  in  8()  per  cent  of  the  ca.ses 
and  in  only  about  14  per  cent  with  non-identical  twins.  Th(>  a\  erage  expectancy 
of  .schizophrenia  is  0.85  per  cent  whereas  the  expectancy  in  the  children  of  one 
schizophrenic  parent  is  1().4  per  cent.  The  organic  etiology  of  schizophrenia  is 
still  widely  held  and  most  of  the  research  in  this  field  is  along  biological  and  bio- 
chemical lines.  Among  the  mo.st  recent  is  Heath's  .suggesti\'e  findings  of  enzyme 
disturbances  as  the  etiology  of  schizophrenia,  although  there  is  some  question 
as  to  the  validity  of  his  findings.  Only  in  recent  years  has  there  been  much 
investigation  of  the  sofuological  and  p.sychological  factors  that  may  be  invoh  ed. 

The  picture  that  we  ordinarily  think  of  as  .schizophrenia — pn^gressive  deterio- 
ration of  total  functioning,  development  of  hallucinations,  delusions  and  major 
thought  and  beha\-ior  disturbaifce — is  the  primary  problem  of  p.sychiatry. 
About  one-fourth  of  all  p.sychiatric  hospital  beds  are  occupied  by  patients  with 
this  chronic  and  often  lifetime  disorder.  But  this  number  probably  does  not 
begin  to  reach  the  number  of  those  who  are  not  ho.spitalized.  Many  uiujuestion- 
able  schizophrenics  are  ambulatory  and  follow  all  kinds  of  relatively  normal 
to  extremely  bizarre  ways  of  life  without  the  dubious  benefit  of  diagnosis.  Some 
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are  recognized  only  when  .sudden,  strange,  explo.si\'e  or  de.structi\-e  behavior  has 
gotten  them  into  the  hand.s  of  the  law.  An  increasing  number  are  being  cared  for 
in  clinics  and  in  office  psychiatric  practice,  and  it  is  to  this  group  that  we  will 
give  special  consideration  this  evening. 

The  general  picture  of  schizophrenia,  although  not  called  such,  was  first 
described  by  John  Conolly  in  1849.  In  his  Croonian  Lecture  he  stated:  "Young 
persons  not  infreciuently  fall  into  a  .state  somewhat  resembling  melancholia, 
without  any  disco\'erable  source  of  sorrow,  and  certainly  without  am'  specific 
grief;  they  become  indolent  or  pursue  their  usual  occupations  or  recreations 
mechanically  and  without  interest;  the  intellect,  the  affections,  the  pa.ssions,  all 
seem  inactiA^e  or  deadened,  and  the  patients  become  utterly  apathetic." 

The  term  "dementia  praecox"  first  was  used  by  the  Belgian  psychiatri.st 
Morel  in  1860  in  the  case  of  a  boy  of  fourteen  who  previously  always  had  been 
"first  in  his  examinations  and  that  without  effort  and  almost  without  study. 
Unconsciou.sly  he  lost  his  cheerfulness  and  became  sober,  taciturn  and  showed 
a  tendency  to  solitude."  The  boy  showed  a  "state  of  melancholy,  depression  and 
a  hatred  of  his  father,  even  with  the  intent  of  killing  him.  He  progre.s.siveh^  forgot 
all  that  he  had  learned  and  his  brilliant  intellectual  faculties  entered  into  a 
very  disturbing  period  of  arrest." 

Kraeplelin,  the  great  codifier  of  psychiatry,  in  1896  established  the  dictum 
"that  all  cases  of  dementia  praecox  deteriorate — or  else  it  wasn't  dementia 
praecox".  But  it  remained  for  Bleuler  in  1911  to  show  that  the  basic  p.sycho- 
pathology,  a  ■".splitting  of  the  mind"  with  the  breakdown  of  a.s.sociation  of 
thought,  was  a  disorder  that  was  sometimes  progressive,  sometimes  episodic, 
.sometimes  mild,  and  sometimes  apparently  entirely  curable.  He  gave  this 
disorder  the  name  of  schizophrenia  and  saw  this  syndrome  not  as  a  progression 
to  dementia,  but  as  a  particular  condition  of  splitting  of  the  basic  functions  of 
the  personality,  thinking,  and  feeling,  and  by  a  disorder  of  association.  He  thus 
enlarged  the  boundaries  of  what  should  be  included  under  this  .syndrome,  and 
classified  the  .sj'mptoms  in  two  sets  of  groups. 

For  our  purposes,  it  is  necessaiy  to  state  that  those  .symptoms  that  we  are 
accustomed  to  think  of  as  p.sychoses  (such  as  delusions,  hallucinations,  catatonic 
postures,  etc.)  are  accessory  symptoms.  Thej''  occur  in  some  cases  but  b}'  no 
means  in  all.  To  wait  for  .such  .symptoms  or  behavior  to  develop  before  making  a 
diagno.sis  of  .schizophrenia  is  equi\'alent  to  waiting  for  obvious  metastasis  before 
diagnosing  carcinoma. 

This  evening  I  should  like  to  conhne  my  di.scussion  to  the  early  and  relatively 
mild  cases  we  now  .speak  of  as  ambulatory  schizophrenia,  latent  .schizophrenia, 
pseudoneurotic  schizophrenia,  borderline  schizophrenia  and  sometimes  .schizoid 
personalities.  AVe  emphasize  this  group  l^ecause  there  is  reason  to  believe  that 
i-esults  are  quite  satisfactoiy  in  a  goodly  percentage  of  the  cases  when  they  are 
recognized  eai'ly  and  treated  with  an  understanding  of  the  problem. 

Schizophrenia  rarely  begins  o\'ernight.  To  be  .sure,  .symptoms  may  sometimes 
start  explosi^-ely  and  \'iolently  but  nearly  always  there  has  been  a  history  of 
.some  kind  of  subtle  dcteiioration  of  adaptation  or  pre\'iously  long  impaired 
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adaptation.  'I'hc  tciulciicy  in  most  instances  is  to  oxcrlook  these  sif^ns,  lio])e  lor 
iniprovenient,  or  find  some  ready  explanation,  and  rarely  to  seek  for  ad\icc 
until  one  is  se\erely  lrifj;htened  into  action.  It  is  the  family  physician  to  whom 
the  parents  finally  \)v\\n^  tlie  younji  adult  or  adolescent  for  help.  Often  the  con- 
tinuing symptoms  and  th(>  lack  of  effect i\-e  treatment  l)y  drugs  lead  tlie  family 
to  doctor  after  doctor,  and  .sometinu>s  lead  the  doctor  on  a  futile  cha.se  for 
organic  diseas(>,  until  the  basis  for  the  .<vm])t()ms  is  iccognized  in  the  psychologic 
structure. 

The  findings  that  sliould  make  a  phy  sician  think  of  early  .schizophrenia  are 
tlie  following: 

1.  Difficulty  in  comnumication  with  the  patient,  a  fe(>ling  of  talking  at, 

rather  than  to,  the  patient. 
"2.  A  vagueness,  confusion  or  lack  of  cohesion  in  description  of  the  .-symptoms, 
o.  Difficulty  in  eliciting  from  the  patient  a  clear  reason  for  the  visit. 

4.  A  bizarre  list  of  symptoms,  far  l)eyond  what  one  or  more  organ  .systems 
could  produce. 

5.  Complaints  of  severe  fatigue,  depression  and  suicidal-impul.ses. 

t).  Apathy,  lack  of  interest  or  feeling  in  the  patient,  and  complaints  of  blocking 
of  thought. 

7.  The  young  patient  who  comes  in  with  a  stack  of  negati\-e  laboratory 
examinations. 

8.  The  patient  of  25  or  so,  l)rought  in  by  the  mother. 

9.  Behavior  suggesting  that  the  patient  is  withholding  some  thoughts  or 
feelings  through  fear.  Recognizing  this  and  through  sympathetic  encour- 
agement, one  may  often  elicit  significant  symptoms,  such  as  early  ideas 
of  persecution  or  ideas  of  reference  or  feelings  of  awareness  of  inner  dis- 
order. 

It  is  most  important  to  obtain  a  developmental  history  from  the  family,  if 
the  patient  has  any  difficulty  in  gi\-ing  it  himself.  A  history  of  progressive 
difficulty  in  keeping  up  with  usual  functioning  in  school,  .study,  social  acti\-ity 
and  family  life,  with  evidence  of  apathy,  confusion,  sitting  around  alone,  etc., 
should  make  one  .strongly  suspect  this  disorder.  The  usual  method  of  systematic 
history  taking  is  generally  not  .satisfactory.  One  must  listen  and  let  the  patient 
talk,  and  by  sympathetic  interest,  help  the  patient  to  talk  more  and  more  of  his 
feelings,  thoughts  and  impulses.  In  schizophrenia,  physical  examination  fails 
to  di.sclo.se  organic  di.sease.  One  finds  tall  thin  and  short  stout  patients;  those 
who  .seem  agitated,  anxious  and  perspired,  and  others  who  are  excessi\'ely  calm 
and  cold,  even  to  the  touch.  Xone  of  the  laboratory  examinations  di.sclo.se  sig- 
nificant abnormalities.  Of  cour.se,  a  routine  physical  examination  should  be  made, 
and  if  a  meaningful  sign  is  discovered,  further  examinations  should  be  carried 
out  to  determine  its  significance.  Other  conditions  which  one  .should  rule  out 
are  brain  tumor,  pre\'ious  eiu-ephalitis,  mental  tleficiency,  and  .se\-ere  p.sycho- 
neuroses  during  adolescence. 

Often  the  early  history  is  that  of  a  rjuiet,  somewhat  seclusive  child,  veiy 
interested  in  reading  and  day  dreaming,  but  having  less  than  a\'erage  interest 
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in  social,  rec-reatioiial  and  usual  pleasure  actix  ities.  Some  are  of  superior  intel- 
ligence, some  aie  gifted  or  artistic,  some  brilliantlj'  scientific,  while  others  are  of 
a\'erage  or  lesser  talent  or  intelligence.  It  is  a  mistake  to  think  of  schizophrenia 
as  related  only  to  genius,  for  we  see  every  type  of  gifted  and  ungifted  personality 
develop  this  disorder.  In  addition  to  this  group  of  schizoid  types  that  often 
de\elop  schizophrenia,  there  is  another  group,  a  group  that  might  gro.ssly  be 
described  as  the  "stormy"  personality.  'J'his  second  major  group  includes  the 
highly  neurotic,  maladjusted  child,  thf  child  with  severe  behavior  difficulties, 
and  the  child  who  shows  psychopathic  tendencies.  In  other  words,  children  or 
young  people  who  show  severe  recurrent  disturbance  of  adaptation  and  who  fail 
to  respond  to  usual  efforts  at  management,  often  develop  schizophrenia  or  are 
schizophrenic.  Sometimes  the  sudden  development  of  behax'ior  disorder  in 
adolescence  presents  great  difficulty  in  diagnosis.  We  see  so  many  instances  of 
strange  beha\'ior  at  this  period,  that  some  suggest  that  all  adole.scence  is  a 
kind  of  psychosis  or  severe  neurosis.  Some  psychiatrists  speak  of  "acute  adoles- 
cence". Unfjuestionably,  we  find  some  symptoms  in  these  disturbed  adolescents 
that  occur  in  schizophrenia — excessive  suspicion,  almost  delusional  l)ehavior, 
and  varying  types  of  anti-social  activities.  Often  we  do  not  know  for  a  time, 
sometimes  months  or  longer,  whether  we  are  dealing  with  a  very  stormy  adoles- 
cent or  a  form  of  schizophrenia,  or  both.  The  pre\  ious  history,  the  capacity  of 
the  patient  to  maintain  and  de\'elop  relationships  to  people,  and  the  kind  of 
communicability  of  patient  to  physician  may  help  in  the  diagnosis. 

In  the  very  early  stages  of  the  thought  disorder  (i.e.,  the  loosening  of  associa- 
tions which  today  is  considered  to  be  the  basic  psychopathologic  lesion  of 
.schizophrenia),  even  a  careful  competent  clinical  hi.story  and  examination  may 
be  insufficient  to  establish  the  diagnosis.  Often  verification  can  be  obtained 
from  competent  psychological  testing  using  various  of  the  projective  tests — 
the  Rorschach.  Word  Association,  Thematic  Apperception  Te.st,  etc.  Re.sults 
of  the.se  tests,  combined  with  other  clinical  data,  will  u.sually  give  not  only 
information  as  to  the  nature  of  the  difficulty,  but  often  an  estimate  as  to  the 
severity.  Just  as  in  other  areas  of  medicine,  this  kind  of  appraisal  aids  materially 
in  intelligent  planning  of  treatment  and  so  may  greatly  improve  the  prognosis. 

Our  working  concept  of  .schizophrenia  is  that  it  is  a  disorder  primarily  de- 
])endent  upon  a  faulty  personalitj'  organization,  perhaps  of  organic  and  or 
environmental  origin,  which  develops  when  it  does,  because  of  the  increasing 
demand  of  society  at  that  time  for  greater  independence  and  more  responsible 
functioning;  demands  with  which  the  faulty  organization  cannot  cope.  Since 
the  symptoms  show  up  as  a  breakdown  in  adaptation,  we  may  compare  them 
with  the  symptoms  of  decompensation  in  a  child  with  a  congenital  or  acquired 
cardiac  lesion.  For  years  the  cardiac  child  often  functions  well  enough,  the  heart 
enlarges  in  compen.sation,  and  we  see  .slight  symptoms,  or  fail  to  see  clear  symp- 
toms even  undei-  moderately  .severe  .stress,  as  in  the  ca.se  with  the  pre-schizo- 
phrenic.  But  when  the  stress  increases,  as  it  inevitabl}^  must,  the  symptoms  be- 
come more  prominent,  major  incapacitation  becomes  grossly  evident,  and  the 
immediate  necessity  for  restoration  of  compen.sation  becomes  clear. 
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Obviously,  tlu>  first  i)riiici|)i('  of  ticMtiiuMil  is  to  reduce  the  stress.  .Iu>l  ;i>  there 
is  no  point,  to  iirgiiifi;  the  decompensated  carchac  to  walk  or  work  with  severe 
dyspnea,  there  is  no  point,  in  fact  there  is  <>;reat  danger,  in  urfjiiiff  the  schizo- 
phrenic to  maintain  his  school  standiiifi;,  his  social  standing,  or  e\-en  his  simple 
day-to-day  responsibilities  of  livinfj;.  In  each  instance,  the  appiaisal  of  the 
bcverity  and  limitations  imposed  by  th(>  symjjtoms  will  deternnne  the  defiicc  to 
which  the  patient  must  temporarily  be  inutiu'ed.  II(>  often  has  to  be  taken  fiom 
school,  r(>}2;ardless  of  the  appanMit  social  disaster,  and  b(>  ixMinitted  minimal 
i-esponsibilities.  ."Much  time  and  attention  nmst  be  {iiveii  by  the  i)hysici;iii  to 
the  parents  at  this  time  and  fre(|ueiitly  oxer  a  peiiod  of  time,  to  accept  the  fact 
of  major  paralysis  of  function  for  a  while.  They  must  be  jiuided  to  refrain  from 
addin<i  any  stress  on  one  who  is  unai)le  to  function,  and  tolerate  luu-turing  a 
partial  in\-a!itl  for  the  time-being.  Not  only  must  the  i)arents  discontiiuu'  their 
pressure  on  the  patient,  but  the  i)atient  must  be  heli)ed  by  the  i)hysician  to 
reduce  the  stress  on  himself  at  that  time  and  the  guilt  often  suffered  l)y  him. 
This  is  not  an  easy  process.  It  recjuires  much  time  ami  i)atience,  and  it  is  (|ues- 
tional)le  whether  the  busy  jjhysician  will  gi\-e  it  the  time  it  reciuires. 

A  further  principle  of  treatment  is  the  finding  of  ways  of  increa.sing  the  pleasure 
or  satisfaction  needs  of  the  patient,  accoi-ding  to  his  special  interest  and  abilities. 
Nearly  always  there  is  .some  degree  of  depression  and  minimal  gratifying  activity. 
The  doctor,  while  increasing  his  undfMstanding  of  the  patient,  may  well  find 
with  and  for  the  patient  an  acti\ity  that,  unreasonable  as  it  may  seem,  may 
satisfy  an  important  need,  fulfill  some  unconscious  drives,  and  be  of  great  benefit. 
This  .serves  to  restore  lost  self-esteem  of  the  patient  and  raise  hope  in  him.  For 
example,  a  young  college  student,  .son  of  a  profe.ssional  man,  developed  an 
unquestioned  schizophrenic  j)icture,  verified  by  Rorschach.  He  failed  in  his 
studies,  was  busied  writing  a  confu.sed  fragmentary  thesis  on  a  meaningless 
subject,  and  became  unable  to  a(laj>t  himself  to  usual  living  at  home  or  with 
others.  I^eaving  college,  he  found  himself  interested  in  working  with  a  neighboi- 
hood  .shoemaker  and,  in  spite  of  his  academic  l)ackground  and  family  status,  he 
was  permitted  by  the  family  to  become  the  shoemakei-'s  assistant  and  worked 
there  for  many  months.  He  improved  greatly,  returned  to  college  after  a  while, 
completed  his  .scientific  education,  and  now  is  working  as  a  re.search  phy.sici.st  in  a 
major  scientific  institute.  Xo  psychotherapy  beyond  the  one  consultation  was 
carried  out. 

In  anothei-  instance  a  first-year  medical  student  de\-eloi)ed  bizai're  .-ymptoms. 
Known  as  "The  Brain"  at  college,  he  had  graduated  in  three  years,  made  Phi 
Beta  Kappa  and  had  one  friend  at  college;  a  dog.  Supposedly  returning  to 
medical  school  in  another  city  after  the  Thank.sgiving  holidays,  he  disappeared 
and  was  found  living  in  a  third-rate  hotel  in  a  small  factory  town,  spending  his 
days  and  nights  sitting  in  the  movies,  not  .speaking  to  a  .soul.  After  being  fotmd 
by  his  family  through  the  police,  he  returned  to  medical  school,  got  on  well 
apparently,  but  then  rejieated  the  same  performance  after  the  next  holiday  in 
another  city.  When  seen,  he  presented  the  typical  apathy  and  confusion,  and 
spoke  only  of  a  new  theory  of  science  that  mixed  mathematics,  metaphy.sics, 
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religious  philosophy  and  a  then-popular  kind  of  pseudopsychology  called  "dia- 
netics".  He  said  he  had  learned  three  years  before  to  "stop  his  thinking  by  using 
a  mythical  switch",  that  he  could  think  or  not,  that  he  knew  in  advance  just 
where  an  author  wrote  his  important  contribution  in  any  book,  but  that  Avhen  he 
would  find  it,  he  would  be  totally  unable  to  concentrate  on  it.  He  noted,  too, 
that  whenever  he  spoke  about  a  subject  not  to  his  liking,  he  developed  a  bad 
taste  in  his  mouth,  and  so  had  to  change  the  subject.  Though  brought  in  by  his 
father,  a  surgeon,  this  young  man  saw  no  reason  for  psj-chiatric  examination  or 
treatment.  In  fact,  it  took  some  three  weeks  to  convince  him  to  come  in  for 
examination.  The  family  was  adA'ised  to  diminish  all  pressure  on  him  immediately 
and  alter  expectations  and  ambitions  for  him,  and  the  boy  (who  came  in  for 
treatment  only  rarely,  and  then  only  at  urging  from  his  parents)  soon  found 
himself  interested  in  tra\'eling  about  and  somehow  drifted  into  becoming  a 
Fuller  brush  salesman.  He  did  this  irregularly  for  a  few  months,  then  began  to 
function  better  socially,  to  speak  more  and  more  with  his  family,  and  gave  up 
the  confused  work  on  his  thesis.  A  little  later  he  found  himself  interested  in 
forestry,  was  admitted  to  an  excellent  .school,  graduated  in  two  years,  became  an 
instructor  and  got  a  master's  degree,  and  now  is  employed  in  a  go\'ernment 
research  laboratory.  To  be  .sure,  he  is  isolated,  has  few  relationships  with  people, 
and  it  remains  to  be  seen  what  happens  to  him.  He  seems  to  be  very  contented 
with  his  way  of  life. 

These  instances  are  mentioned,  not  to  suggest  that  .shoemaking  or  selling 
brushes  are  cures  for  schizophienia,  but  that  one  must  permit  the  patient  to 
adapt  himself  at  the  le\el  at  which  he  can  function  with,  satisfaction  for  the 
time  that  is  needed  for  re-compensation  and  rehabilitation.  By  that  time  the 
family  may  come  to  alter  its  expectations,  and  an  adaptation  often  can  be  worked 
out,  not  at  the  level  of  previous  ambitions  or  expectations,  but  yet  very  often  well 
above  the  catastrophic  level  present  at  the  time  of  the  breakdomi.  The  basis  for  the 
possible  success  of  these  principles  of  treatment  is  the  estabhshment  of  a  positive 
relationship  between  the  patient  and  the  ph\'.sician  or  psychiatrist.  Without  this 
relationship,  little  can  be  expected.  The  physician  should  be  able  to  have  a 
feeling  of  devoted  interest  and  acceptance  of  the  patient,  and  be  free  enough  of 
conflicts  within  himself  to  be  able  to  reach  to  the  patient  and  conmiunicate  with 
him  at  the  patient's  own  emotional  level.  The  psychotherapeutic  procedure 
it.self  is  entirely  indi\-idualistic,  and  the  physician  is  guided  by  the  patient's 
functioning  and  guides  the  patient  in  turn.  Only  in  a  few  rare  instances  has  the 
classical  psychoanah'tic  method  been  employed,  but  too  few  results  are  so  far 
reported  to  deterinine  its  lasting  effe(;tiveness. 

It  is  the  general  experience  of  psychiatrists  long  in  practice  that  there  are 
manj'  individuals  who  ha\'e  .shown  vaiying  degrees  of  schizophrenic  breakdowns 
in  adolescence  and  who  have  been  able  to  rehabilitate  them.selves  and  live  full 
and  useful  lives.  Perhaps  in  some  of  these  cases  we  were  dealing  with  episodes  of 
schizophrenia  that  were  .self-limited,  but  there  is  much  clinical  experience  to 
.suggest  that  proper  earh'  management  frequently  results  in  major  and  continued 
restoration.  It  should  be  mentioned  that  Thorazine®  often  is  particularh'  ef- 
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fectivo  in  the  acute  se\-ere  scliiz()])lir(Miic  outbreak.  It  ottcii  u  ill  (■.ilin  down  i5U(;h  a 
process  and  (|uickly  make  possible  a  psychotherapeutic  ai)pi()ach.  Should  this 
fail,  insulin  and  elec.troslux^k  therapy  may  cut  short  the  secondary  symptoms 
and  p(>rmit  further  psychotherapeutic  interxcnt ion. 

Most  fa\-()rable  results  can  be  e.\p(>ct('(l  when  these  conditions  exist : 

1.  The  disorder  begins  in  adole.sccMice. 

2.  The  patient  -seeks  treatment. 

ii.  The  p.sychical  symptoms  (lallicr  than  physical  synii)toins)  are  moic  promi- 
nent. 

4.  The  patient  recognizes  that,  his  i)cha\  i()i-  and  menial  ])i()cesses  ai'c  aimoinial 
and  he  wants  to  be  heljx'd. 

5.  The  patient  is  sufficiently  coniniunicalixc  and  able  to  cooperate  with  the 
therapi.st. 

In  this  group  a  large  percentage  ultimately  can  elevate  theii-  functioning 
appreciably  above  that  prevailing  liefore  treatment.  Howe\'er,  one  must  not 
expect  to  protluce  any  radical  change  in  the  basic  personality  type.  The  s(^hizo- 
phrenic  is  likely  to  remain  somewhat  introverted,  but  he  may  be  enabled  to 
develop  his  as.sets,  skills,  talents  and  have  enough  understanding  of  his  limitations 
to  live  .safely  and  comfortably  within  them. 

To  conden.se  my  remarks  into  a  l)rief  summary,  1  would  reconnnend  to  the 
physician : 

1.  -More  fretiuent  suspicion  of  schizophi-enia  under  conditions  d<'sc.rib(>d. 

2.  That  he  a\  oid  fear  of  diagnosing  it. 

■\.  That  he  verify  it  by  p.sychologic  te.sts  or  psychiatric  consultation. 

4.  That  he  avoid  fixing  a  hypochondrical  state  by  medication  or  by  repeated 
phy,sical  or  laboratory  examinations. 

o.  That,  if  he  is  interested  in  doing  so,  he  may  be  able  to  treat  patients  him- 
self, with  guidance  b\'  a  phychiatrist. 

And  one  final  point  of  \  iew.  Perhajjs  the  Ijest  we  can  do  for  this  disorder  is 
prophylactic  in  nature.  If  we  can  recognize  it  earlier  by  suspecting  it  earlier, 
perhaps  the  ambitions  and  expectations  of  the  parents  may  be  adjusted  to  the 
level  of  the  patient's  basic  emotional  capacity  and  by  so  doing  perhaps  prevent 
the  later  breakdown  with  its  .severe  and  unhappy  con.sequences. 
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In  the  evaluation  oi'  clinical  l)alii.<tocai(liography  two  types  of  problems  maj^ 
be  differentiated:  (aj  Physiological  mechanisms,  converting  cardiac  events  into 
mechanical  response  of  the  body,  and  (h)  the  performance  of  the  instrument 
which  records  this  mechanical  response.  While  the  first  is  highly  complex,  the 
second  appears  simple  and  might  be  soh'ed  b}'  straightforward  physical  te.sting. 
In  the  following  we  present  a  method  for  such  testing  of  a  Dock  type  ballisto- 
cardiographic instrument,  designed  by  one  of  us  (1),  since  such  a  test  has  not 
been  performed  pre\'iously. 

This  ballistocardiograph  recf)rds  the  displacement  and  velocity  of  a  ruler 
which  is  attached  to  the  shin  of  a  patient  in  the  clinical  application.  The  ob- 
served phenomena  are  periodic  and  the  testing  should  therefore  be  a  dynamic 
one  and  indicate  both  calibration  of  the  deflections  in  the  final  record  in  terms 
of  displacement  (cm)  and  A-elocity  (cm  sec)  and  also  the  frequency  response, 
that  is,  the  fidelity  with  which  the  more  or  less  rapid  changes  in  the  ruler  motion 
(displacement  and  velocity)  are  reproduced  in  the  record. 

Testing  procedures  of  this  type  are  common  in  engineering.  The  ruler  must 
be  forced  to  move  in  a  known  fashion  by  a  mechanical  vibrator  and  the  en- 
forced motion  compared  with  the  indications  of  the  instrument.  The  motion 
which  is  easiest  to  produce  by  a  mechanical  device  is  a  harmonic  oscillation. 
Such  a  motion,  howe\'er,  makes  it  necessary  to  take  multiple  records  with  varying 
frecjuencies.  It  also  has  the  disadvantage  that  the  \  elocity  cur\e  looks  exacth' 
like  the  displacement  cur\e  except  for  a  phase  shift,  so  that  no  preliminary 
information  can  be  gained  by  inspection.  For  this  reason,  nonharmonic  forced 
vibration  is  preferred  and  the  most  useful  waveform  is  a  so-called  square  wa\e 
with  a  steep  rise  of  the  wa\-e-front  (step  function). 

We  have  designed  the  mechanical  test  \  ibrator  in  such  a  way  that  the  \  elocity 
curve  approaches  a  square  wave  shape;  to  achieve  this,  the  displacement  had  to 
be  constructed  in  such  a  way  that  it  follows  a  "triangular"  zig-zag  wave  shape. 

The  in.strument  is  illustrated  in  Figure  1.  The  motor  on  the  left  drives  through 
a  flexible  shaft  (to  reduce  vibrations)  a  worm  reduction  gear  and  a  variable 
ratio  set  of  gears  (boxed  in  the  raised  platform).  The  gear  box  permits  the  selec- 
tion of  five  frequencies:  1.67,  3,  5,  8.4  and  L5  cycles  per  second.  The  output  shaft 
of  this  gear  box  carries  the  excenter,  which  tran.smits  the  oscillatory  motion  to 
the  ruler.  The  excenter  is  specially  shaped  to  obtain  the  triangular  displacement 

From  the  Andre  Meyer  Department  of  Phj'.sics  and  the  Cardiology  Division,  Depart- 
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Fig.  1.  Test  vibrator  with  a  bailistocMrdiofjraph  in  testing  jjositioii. 


motion.  This  is  imparted  to  a  rigid  framework  which  can  shde  rectilinearly  on 
supporting  grooved  l)ars.  The  framework  has  clamps  for  attaching  the  ruler  of 
the  ballistocardiograph  on  the  right. 

The  actual  motion  is  illustrated  in  Figure  2.  This  was  determined  by  attaching 
a  gonimeter  head  to  the  excenter  shaft  and  a  micrometer  dial  indicator  to  the 
ruler.  The  excenter  shaft  was  rotated  by  hand,  the  angular  rotation  and  the 
displacement  noted  and  plotted  (rotation  was  calculated  in  terms  of  seconds  for  a 
frefiuency  of  1.67  cycles  per  second). 

The  displacement  curve  reveals  two  im])erfections  in  the  construction:  (a) 
The  rising  and  falling  limits  of  the  ciu've  are  not  straight  lines,  but  slightly 
curved;  the  maximum  deviation  from  linearity,  however,  is  only  oO  microns,  an 
acceptable  tolerance,  (b)  There  is  .some  backlash  as  indicated  in  a  "standstill" 
of  the  ruler  at  every  reversal  of  motion,  lasting  about  0.05  seconds.  It  should  be 
pointed  out  that  the  transition  from  motion  to  standstill,  and  from  standstill  to 
motion,  is  indicated  as  a  sharp  kink  in  the  ciuwe  of  I'  igtu'e  2;  this  does  not  occur 
in  actual  operation  by  motor  drive,  since  such  sharp  kinks  could  be  achieved  only 
by  applying  an  infinite  foi'ce;  it  is  actually  somewhat  rounded,  but  this  rotuiding 
was  too  small  to  be  measured  and  is  negligible  compared  to  the  dimensions  of 
the  curve. 

The  graph  indicates  of  cour.se,  in  addition  to  showing  the  wave  .shape,  the 
actual  magnitudes  of  the  di.splacement:  the  amplitufle,  peak  to  peak,  is  0.89  mm. 
The  velocity  curve  in  Figm-e  2  was  obtained  by  differeiitiiitiiig  the  displace- 
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Fig.  2.  Plot  of  motion  eharacteristics  of  the  test  vibrator. 

ment  curve.  It  is  zero  for  the  short  periods  of  standstill,  rises  sharply  to  a  positive 
peak  of  4.5  mm/sec,  and  declines  to  2.5  mm 'sec.  (this  decline  is  the  reflection 
of  non-linearity  in  the  displacement  curve).  Then  it  drops  to  zero  for  the  period 
of  standstill  and  the  process  is  repeated  with  the  negati\  e  sign  (indicating  op- 
posite direction  of  displacement  motion). 

In  the  actual  tests  a  Sanborn  direct-writing  four-channel  Pol\--Viso  machine 
was  used  as  a  recording  instrument,  with  a  suitable  attenuation  of  sensitiv-ity. 
Figure  3  .shows  a  typical  test  record  in  which  the  deflection  sensitivity  is  indi- 
cated. 

Comparing  this  record  with  the  plot  of  Figure  2,  it  appears  by  inspection  that 
this  record  is  a  true  reproduction  of  the  actual  ruler  motion,  both  for  displacement 
and  velocity.  The  standstill  is  le.ss  pronounced;  the  reversal  period  is  somewhat 
rounded  as  a  whole.  This  is  due  to  some  elastic  compliance  of  the  instrument 
and  was  mentioned  in  discussing  Figure  2.  For  the  same  reason  there  is  clear 
evidence  of  vibration  in  the  velocity  record. 

An  examination  of  the  \'ibrations  in  Figure  3  shows  that  there  are  marked 
superimposed  velocity  peaks  at  a  frequency  of  30  cycles  per  second,  which  cor- 


% 

1 

" .   .  I. 

.0  ^ 

-  oi  <S 


MM/ SEC 

-1  +  5  t 

0  8 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  M  I  I 
EACH  DIVISION  •  >/n  SECOND 


Fig.  3.  Ballistocardiograph  record  with  the  test  vibrator  without  bypa^ 
Tracing  on  a  direct  writing  recorder. 
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P"iG.  4.  Same  as  in  Figure  3,  but  traced  on  a  cathode  raj'  oscillograph  (negative  of  the 
original  photograph,  no  retouching). 

respond  to  tlie  vibrations  of  the  drivinj;;  motor  revoh'ing  at  1800  revolutions  per 
minute.  In  addition,  there  seem.s  to  be  an  indistinct  mechanical  noise  at  a  higher 
frequency.  In  order  to  inspect  the  output  of  the  instrument  free  of  the  limitations 
of  the  direct  writing  recorder,  a  i-ecord  was  made  by  a  cathode  ray  oscillograph 
(Figure  4)  which  shows  a  greater  amplitude  of  the  higher  freciuency  \  ibrations 
with  a  random  frequency  of  about  70  to  80  cycles  per  second.  A  simple  inspection 
of  Figures  3  and  4  gi\-es  therefore  some  .semiciuantitati\-e  information  on  the 
frequency  re.^^pon.se:  this  may  be  good  at  AO  cycles  pei-  second  and  it  falls  down 
very  markedly  at  70  to  80  c/s. 

Since  any  vibration  appears  as  a  fast,  superimposed,  irregular  ripple  in  velocity 
cur\-es,  it  has  been  conmion  practice  to  u.se  bypass  condensers  in  the  velocity 
pickup  system  in  order  to  smooth  out  such  ripple.  Figure  o  shows  the  effect  of 
such  bypass  condensers  on  the  recorded  curves.  It  can  be  seen  that  while  1.8 
microfarads  offer  some  smoothing,  there  is  no  \-isibl(^  distortion  of  the  velocity 
wave  .shape,  but  that  8  microfarads  cause  a  marked  distortion  and  that  32  and  60 
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BYMSS  DAMPING  CONDENSERS  IN  MICROFARADS 

Fk;.  5.  Ballistocardiograph  records  with  the  lest  vibrator  and  different  bypass  con- 
denser.s  in  the  velocity  pickup  circuit. 
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BYPASS  COMOEHSER  ■  MCDOFAeAOS 

Fif,.  ti.  lii~e  time  a*  determined  experimentally  without  and  with  different  bj-pass  con- 
densers. White  eircJes:  measurements  on  the  electrical  circuit  alone,  on  tracings  obtained 
by  appl>'ing  an  electrical  «tep  function  (see  text). 

microfarads  produce  a  cim-e  which  ha*>  no  resemblance  to  the  actual  velocity 
wave. 

The  calibration  of  the  baUistocardiograph  in  terms  of  displacement  in  mm  and 
of  velocity  in  nmi  sec.  for  1  millivolt  deflection  can  be  read  oflf  the  graphs  in 
Figure  3  directly.  The  testing  in.strument  therefore  ser\-es  also  to  calibrate 
a  ballLstocardic^raph. 

We  can  present  the  calibration  result  numericalh'.  Velocity  calibration; 
1  rnV  =  2.5  mm  per  .second  (I  nam  s  =  0.4  mV>:  displacement  calibration: 
1  mV  =  0.21  mm  (1  mm  =  4.9  mVi.  .\pphTng  this  calibration  to  a  t^-pieal 
ballLstocardiogram.  we  get  an  amplitude  in  the  displacement  tracing  for  the 
I-J  stroke  of  2  mV  =  0.42  mm.  and  in  the  velocity  tracing  for  the  I-J  stroke  of 
3.7  m\'  =  9.3  mm  second  ( recorded  without  any  added  bj-pass  condensers) . 

The  fidelity  with  which  the  actual  wave  .shapes  of  displacement  and  velocit\- 
are  reproduced  cannot  be  read  off  the  graph.s  by  .simple  in.spection.  Since,  how- 
ever, the  testing  of  "fideUty"  of  the  respon.se  of  electrical  and  electromechanical 
circuits  in  terms  of  frequency  response  by  .square  wave  testing  Is  common  in 
engineering,  the  mathematical  treatment  is  readily  available. 

The  measure  of  "fidelity"  Is  frequency  response  which  is  for  an  instrument  the 
highest  frequencj-  of  a  harmonic  or  .sinasoidal  motion  which  can  be  reproduced 
by  a  given  sy.slem,  reasonably  well.  By  a  common  convention,  thLs  Is  agreed  to 
be  the  case  when  the  obser\-ed  amplitude  Ls  equal  to  70.7  *^  erf  the  actual  ampU- 
tude  (attenuation  of  3  db».  For  this  permi-ssible  di-stortion  the  upper  frequency 
limit  can  be  calculated  frorn  the  equation: 

f  =  — ^  cvcles 'second  (1) 

In  this  equation,  T  Ls  a  time  constant  or  rise  time  which  has  to  be  determined 
experimentally  and  can  be  found  from  records  obtained  by  a  square  wave  test  as 
presented  here  and  illu-strated  in  Figure  o.  The  methofl  is  based  on  the  definition 
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lie.  ,.  Fiequcm-y  response  of  the  hallistocaidiograph  and  recording  svstem  without 
and  with  different  values  of  Inpass  eondensers.  Calculated  from  the  experimental  data  in 
Figures  5  and  6. 

of  rise  time:  if  a  sudden  impulse  is  imposed  on  a  system  (like  the  jump  in  velocitj- 
from  zero  to,  say,  5  mm;  see.  the  recording  system  will  deflect  with  a  certain 
delay;  this  delay  is  expressed  as  the  time  which  it  takes  for  the  system  to  reach 
03.2^  of  the  final  and  maximal  deflection*  and  is  called  rise  time  or  time  con- 
stant T,  used  in  the  ecjuation  for  frecjuencj^  response. 

Figure  0  (white  circles)  is  the  plot  of  this  rise  time  in  the  ballistocardiograph 
as  measured  for  different  bypass  condensers.  It  will  be  noted  that  the  rise  time 
is  a  linear  function  of  the  bypass  condensers,  which  is  in  agreement  with  theor\-. 

The  black  circles  in  Figure  (i  represent  values  of  the  rise  time  of  the  electrical 
circuit  alone,  examined  .separately  from  the  mechanical  \-ibrator  and  the  induc- 
tion pickup  coupling.  This  was  done  by  applying  to  the  electrical  circuit  a 
suitable  voltage  (opening  and  closing  a  mercury  .switch)  y^ith  the  x  ibrator  stand- 
ing still  (care  was  taken  not  to  change  the  electrical  characteristics  of  the  circuit 
in  doing  this).  The  close  agreement  in  the  rise  time  between  the  observation  on 
vibrating  mechanical  motion  and  the  electrical  test  eliminating  the  mechanical 
component  indicates  that  there  is  no  measurable  distortion  in  the  transducer 
mechanism  as  such,  at  the  frequencies  examined,  and  that  all  distortion  appears 
in  the  electrical  system  (pickup  circuit  and  recording  apparatus). 

The  experimental  data  of  Figure  6  and  the  ecjuation  (1)  permit  the  calculation 
of  the  frequency  respon.se  of  the  velocity  recording  of  the  ballistocardiograph. 
The  re.sult  is  presented  in  Figure  7.  It  can  be  .seen  that  the  frequency-  rc.<pon.se 
without  a  bypass  conden.ser  is  about  30  cj'cles  per  .second.  The  recording  instru- 
ment it.self  has  a  frecjuency  response  of  about  100  cycles  per  second;  the  drop  to 
an  overall  response  of  30  cycles  per  second  must  be  therefore  ascribed  to  dis- 
tributed capacitance  in  the  ballistocardiograph  circuit  it.self. 

*  For  a  convenient  method  to  determine  tlie  time  constant  of  a  system  from  graphical 
records  of  "'square  wave"  impulses,  see  page  42  f  in  Frank  i2). 
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An  added  bypass  condenser  of  two  microfarads  reduces  the  pickup  of  vibra- 
tional noise  and  lowers  the  overall  frequency  response  to  15  cycles  per  second. 
If  the  assumption  is  valid  that  the  physiologically  relevant  frequencies  in  bal- 
listocardiography are  below  10  cycles  per  second,  a  frequency  response  of  15 
cycles  per  second  offers  acceptable  fidelity.*  Bypass  condensers  around  10  and 
more  microfarads  reduce  the  frec^uency  response  below  5  cycles  per  second  and 
cause  prohibitive  distortion. 

SUMMARY 

1.  A  mechanical  vibrator  is  described  for  caHbrating  and  testing  ballisto- 
cardiographs  of  the  Dock  type. 

2.  The  test  results  of  a  modified  Dock  type  ballistocardiograph  are  presented. 
They  show  an  upper  freciuency  response  of  30  cycles  per  second  in  the  velocity 
record  without  bypass  condensers,  and  of  15  cycles  per  second  when  a  two 
microfarad  bypass  condenser  is  used  for  moderate  suppre.ssion  of  vibrational 
"noise",  which  is  adequate  for  clinical  applications. 

3  In  conventional  use  of  this  ballistocardiograph,  bypass  condensers  of  over 
two  microfarads  are  used.  This  increases  the  distortion  to  such  levels  that  little 
resemblance  is  left  between  the  ballistocardiographic  record  and  the  actual  velocities 
imparted  to  the  body  by  cardiac  activity. 

4.  It  must  be  emphasized  in  conclusion,  that  the  present  investigation  was 
concerned  exclusively  Avith  the  ballistocardiographic  apparatus  per  se.  The 
complex  chain  of  physiological  mechanisms  involved  in  the  transmission  of 
mechanical  cardiac  events  through  the  body  to  the  recording  transducer  was 
not  examined.  Since  each  link  contributes  to  the  distortion  in  the  representation 
of  cardiac  vibration  on  the  record,  these  factors  require  .separate  critical  evalua- 
tion before  a  ballistocardiographic  technique  can  be  accepted  as  a  procedure  of 
adequate  fidelity  in  clinical  medicine. 
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\'urioiis  authors  have  described  looahzed  dilatations  or  safcuhitions  in  the 
distal  esophagus  or  esophagogastric  region  under  many  different  names  (1-3). 
Some  of  the  terms  used  were  the  cardiac  antrum,  the  epiphrenic  bell,  the  Vor- 
magen,  the  phrenic  ampulla,  Arnold's  pouch  and  Luschka's  pouch.  In  general, 
these  structures  were  identified  during  the  course  of  anatomical  investigations 
carried  out  by  different  methods.  Specific  criteria  for  identifying  these  normal 
structures,  particularly  ///  r/ro,  were  not  included  in  the  original  descriptions. 
^I()reo\'er,  it  was  realized  that  some,  if  not  all,  of  these  appearances  represented 
transient  phases  of  functional  states.  In  the  absence  of  clear-cut  criteria  for  the 
identification  of  these  presumably  normal  structures,  it  has  been  a  difficult,  if 
not  impossible,  task  for  the  radiologist  to  recognize  them  and  particularly  to 
differentiate  them  from  small,  sliding,  direct  or  concentric  hiatus  hernias  (4,  5). 

In  1950,  Lerche  ((>)  published  an  important  monograph  describing  detailed 
anatomical  dis.sections  of  the  distal  esophagus  and  pro.ximal  stomach  on  selected 
specimens.  It  was  his  belief  that  he  could  select  examples  which  represented,  in 
a  fixed  state,  secjuential  functional  changes,  specifically  during  expulsion  or  re- 
gurgitation of  gastric  contents  into  the  esophagus.  As  a  result  of  these  studies, 
Lerch<>  described  a  segment  two  or  three  centimeters  in  length  located  between 
the  tubular  esophagus  and  the  stomach  which  he  believed  possessed  distinctive 
functional  and  anatomical  characteristics  and  therefore  deser\-ed  a  special  name. 
He  designated  this  segment  the  gastroesophageal  segment  of  expulsion  or  the 
gastroesophageal  \-estibule  and  pointed  out  that  this  segment  could  distend  and 
elongate  in  rather  remarkable  fashion  during  regurgitation.  The  transformation 
of  this  segment  into  a  ballooned-up  discrete  sac  was  made  possible,  according 
to  Lerche,  by  the  presence  of  sphincters  at  both  its  proximal  and  distal  ends. 
The  sphincter  at  its  distal  end  consists  of  a  double  sling  arrangement  of  special 
nuiscle  fibers  located  at  the  cardia  or  cardiac  incisura.  These  muscle  bundles 
ha\  e  been  designated  for  nmny  years  as  the  cardiac  sphincter  or  the  constrictor 
cardii  without,  howe\'er,  ///  rim  evidence  of  their  sphincteric  nature.  At  the 
proximal  end  of  the  \-estibule,  according  to  Lerche,  there  is  a  ring  of  specialized 
circular  muscle  fibers  to  which  he  applied  the  name  "inferior  esophageal  sphinc- 
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ter".  Leiche  believed  that  the  inferior  esophageal  sphincter  remained  contracted 
until  swallowing  occurred. 

The  conclusions  of  Lercheas  to  functional  phenomena  were  based  on  anatomical 
dissections.  Correlation  with  roentgen  or  other  in  vivo  findings  was  minimal. 
The  question,  therefore,  remained  unanswered  as  to  whether  the  vestibule,  the 
inferior  esophageal  sphincter,  and  the  cardiac  sphincter  could  be  demonstrated 
in  vivo  and  whether  they  played  the  roles  ascribed  to  them  b.v  Lerche.  In  con- 
trast to  pre\'ious  authors,  the  description  of  Lerche  is  sufficiently  detailed  to 
make  in\-estigation  of  this  question  feasible. 

Attempts  to  recognize  the  vestibule  as  a  discrete  distensible  sac  between 
sphincters  during  the  course  of  conventional  roentgen  examinations  of  the 
esophagogastric  region  in  normal  individuals  were  not  successful.  In  contrast, 
as  is  well  known,  patients  suspected  of  ha\'ing  small  sliding  or  direct  hiatus 
hernias  showed  a  variety  of  constrictions  and  dilatations  immediately  above  the 
diaphragm  to  which  Lerche's  terms  could  be  applied,  but  in  quite  arbitrary 
fashion.  It  was  clear  that  elucidation  of  these  bizarre  configurations  in  this 
group  of  patients  recjuired  motion  picture  roentgen  studies  in  order  to  determine 
the  sequence  of  events  and  to  recognize  the  conversion  of  unfilled  or  contracted 
segments  into  saccular  structures.  For  purposes  of  such  a  study,  a  group  of 
patients  without  dysphagia  were  selected  from  the  conventional  gastrointestinal 
examinations  because  of  the  presence  of  a  small  sliding  or  direct  hernia.  The 
esophagogastric  region  was  then  studied  in  greater  detail  with  the  aid  of  x-ray 
motion  pictures.  An  important  ad\'antage  in  studying  patients  with  direct 
hernias  was  anticipated  because  of  the  fact  that,  in  the.se  individuals,  the  esopha- 
gogastric junction  is  located  abo^'e  the  hiatus  of  the  diaphragm.  It  was  therefore 
hoped  that  the  phenomena  observed  in  the  esophagogastric  region  could  be 
attributed  to  intrinsic  motor  activity  and  that  direct  action  of  the  hiatus  of  the 
diaphragm  would  be  excluded. 

^lotion  picture  studies  of  the  esophagogastric  region  were  performed  with  a 
five  inch  image  intensifier  on  35  millimeter  film.  The  factors  used  varied  be- 
tween 75  and  100  KVP  and  between  five  and  ten  milliamperes.  Most  sequences 
were  done  without  a  grid  at  rates  no  greater  than  eight  frames  per  .second  in 
order  to  minimize  radiation  exposure  to  the  patient.  The  optimal  position  for 
these  studies  was  with  the  patient  prone,  left  side  elevated,  although  other 
positions  and  maneu\-ers  were  also  utilized.  For  most  purpo.ses,  a  fluid-barium 
mixture  was  administered  in  order  that  maximum  distensibility  could  be 
achieved.  An  attempt  will  be  made  in  this  report  to  summarize  the  conclusions 
which  have  been  drawn  from  the.se  studies  as  well  as  from  ancillary  investigations 
h\  more  conventional  methods.  It  must  be  noted,  however,  that  reproductions 
of  individual  frames  or  of  sequences  in  diagrammatic  fashion  are  poor  substitutes 
for  ^'ie\ving  the  original  movies. 

The  findings  in  this  group  of  patients  with  small  direct  hiatus  hernias  were 
not  identical  in  every  case  but  a  basic  pattern  could  be  di.'^cerned  with  little 
difficult3\  The  events  of  greatest  interest  occurred  during  phases  of  filling  and 
emptying  rather  than  during  continuous  swallowing.  Moreover,  with  inter- 
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Fk;.  1A.  W.W.  Eiilarfjemcnt  of  :5.)  nun.  Iianic  Ironi  movie  sequence  showing  barium 
filling  the  tubular  esophagus  and  a  hernial  sac.  A  gap  (arrow)  between  the.se  two  regions 
2  to  3  cm.  in  length  remainetl  contracted  and  unfilled  for  5  to  6  seconds. 
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W.W. 

Fid.  IB.  W.W.  Tracings  of  selected  frames  from  a  uKJvie  se(iuence  of  this  patient.  All 
the  structures  outlined  are  al)ove  the  level  of  the  diaijhragm  which  in  frame  7  is  indicated 
by  a  dashed  line.  Barium  was  retained  in  the  hernial  sac  at  the  beginning  of  this  sequence, 
as  in  Fig.  lA.  The  setiuence  shows  the  appearances  during  hlling  of  the  segment  intervening 
between  the  tubular  esophagus  and  the  hernial  sac.  The  letters  BB  indicate  the  proximal 
margin  of  the  hernial  sac.  The  letter  X  in  the  first  frame  indicates  the  site  at  which  the 
barium  column  in  the  tubular  esophagus  was  delayed  for  several  seconds. 

mpted  or  rapidly  repeated  .swaUowing,  some  barium  was  often  retained  in  the 
distal  esophagus  and  or  a  .small  hernial  sac,  making  it  possible  to  visualize  both 
the  proximal  and  the  distal  margins  of  an  unfilled  or  contracted  segment.  It  is 
often  possible  under  these  circumstances  to  recognize  that  a  segment  two  or 
three  centimeters  in  length  is  present  between  the  tubular  esophagus  and  a 
small  hernial  sac  which  may  not  relax  for  several  seconds  and  then  suddenly 
fills  as  a  unit  (Figs.  1,2).  I'rom  its  location,  its  length  and  its  appearance  when 
distended  (Figs.  3,  4),  this  segment  appears  to  correspond  with  the  vestibule  as 
described  by  Lerche  and  will  be  so  designated  in  this  report.  The  esophagus 
proximal  to  the  vestibule  does  not  distend  to  the  same  degree  and  may  be  referred 
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Fig.  2A.  D.W.  Enlargement  of  35  mm.  frame  from  movie  sequence  showing  barium 
filling  the  tubular  esophagus  and  a  hernial  sac.  A  segment  between  these  two  regions, 
about  2  or  3  cm.  in  length,  remained  unfilled  for  several  seconds.  Preceding  this  frame,  it  was 
evident  that  the  barium  in  the  hernial  sac  originated  from  below  the  diaphragm  by  retro- 
grade flow. 


Fig.  2B.  D.W.  Tracings  from  a  movie  sequence.  At  the  beginning  of  this  sequence  there 
was  retained  barium  in  the  hernial  sac,  as  indicated  in  the  first  frame  (arrow-).  Barium 
entering  the  tubular  esophagus  was  delayed  for  about  a  second  at  a  point  about  2  cm.  pro.xi- 
mal  to  the  hernial  sac.  This  level  is  indicated  by  the  letters  AA.  Tracings  after  the  first 
show  phases  of  filling  of  the  contracted  segment  intei"vening  between  the  tubular  esophagus 
and  the  hernial  sac.  In  this  patient,  after  filling,  persistent  notches  and  often  a  thin  ring  were 
seen  at  the  AA  level.  Notches  were  also  seen  a  short  distance  above  the  diaphragm,  at  the 
proximal  margin  of  the  hernial  sac.  This  latter  level  is  indicated  in  the  last  f  rame  hy  the  letters 
BB.  A  photograph  of  the  last  frame  is  shown  in  Fig.  3A.  A  spot  radiograph  of  this  same 
patient  in  a  similar  phase  is  shown  in  Fig.  7A. 
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Fig.  3A.  D.W.  Enlarged  35  nmi.  fraino  showing  ])ersi.stent  notches  and  a  faint  ring  at  the 
distal  end  of  the  tubular  esophagus  (ui)per  arrow).  2  or  3  cm.  distal  to  this  level  on  the  right 
aspect,  a  short  distance  atiove  the  dia[)hragm,  another  notch  is  evident  (lower  arrow). 
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Fig.  3B.  D.W.  Tracings  of  seciuenco  showing  the  entrance  of  barium  into  the  tubular 
esophagus,  delay  in  passage  of  the  barium  column  several  centimeters  above  the  diaphragm, 
and  the  filling  of  an  intermediate  segment  between  the  A  and  B  levels.  In  contrast  to  the 
sequence  shown  in  Fig.  2B.  at  the  beginning  of  this  se(iuence,  the  hernial  sac  was  contracted 
and  emptied. 


to  as  the  tubular  e.sophagii.><.  Front  the  I'linctioiial  point  of  \'ie\v,  the  contracted 
state  of  the  \'estibule  (a  phase  not  emphasized  l)y  Lerche)  appeared  to  be  of 
considerably  greater  significance  than  its  relaxed  .state.  The  appearance  of  a 
sac  with  a  complete  constric'tion  at  both  ends  has  not  been  seen.  In  fact,  after 
the  contracted  vestibule  relaxes,  it  may  be  completely  obsciu'ed  and  unidenti- 
fiable. However,  in  some  patients  (Fig.  4A),  notches  or  a  complete  circumfer- 
ential ring  may  be  .seen  during  or  after  distention  at  l)()th  the  proximal  and  the 
distal  margins  of  the  vestibule.  When  such  landmarks  are  pres(Mit,  they  serve  to 
identify  the  margins  of  the  vestibule  during  phases  of  relaxation  and  filling. 
These  margins  are  of  special  functional  interest  since  discrete  sphincteric  activity 
should  be  present  at  both  ends  of  the  vestibule  if  the  description  of  Lerche  is 
correct.  A  special  effort  was  therefore  made  to  determine  whether  localized 
sphincteric  activity  distinct  from  conti'action  and  relaxation  of  the  vestibule  as 
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Fig.  4A.  D.  W.  Enlargement  of  35  mm.  frame  .showing  maximum  di.stention  as  a  result  of 
deep  in.spiration.  The  ii])])or  arrow  indicates  the  notches  jjrevioiisly  seen  in  Fig.  3A.  At  the 
site  of  the  di.stal  notch  seen  in  Fig.  3A,  however,  itihttcral,  deep,  rectangular,  horizontal 
notches  are  seen  with  a  connecting  lucent  line  indicating  a  circumferential  ring. 


12  3  4  5  6  7 


Fig.  4B.  D.  W.  Tracings  of  a  movie  sequence  showing  the  development  of  a  deep  trans- 
verse ring  at  the  B  level  in  association  with  deep  ins])iration  and  maximum  distention.  In 
frame  7,  the  letter  T  indicates  the  tuh)ular  esophagus  and  ^'  indicates  the  segment  between 
the  A  and  B  levels.  This  segment  appears  to  correspond  to  the  vestibule  as  described  by 
Lerche. 


a  whole  could  be  identified  at  the  proximal  and  the  distal  margin.s  of  the  ve.sti- 
bule. 

The  motor  phenomena  at  the  margins  of  the  vestibule  in  patients  with  small 
sliding  hernias  may  be  summarized  as  follows: 

1.  The  passage  of  the  barium  column  from  the  tubular  esophagus  into  the 
vestibule  often  shows  transitory  delay  at  the  proximal  margin  of  the  vestibule 
(Figs.  IB,  2B,  3B,  4B,  5).  This  delay  is  manifest  not  only  hy  the  failure  of  barium 
to  enter  the  vestibule,  sometimes  for  several  seconds,  but  by  the  fact  that  during 
this  interval  the  barium  column  proximal  to  the  vestibule  widens  and  its  distal 
end  assumes  a  rounded  or  bullet-no.sed  configuration.  Faint  bilateral  notches 
and  sometimes  a  thin  transverse  ring  may  appear  and  persist  at  the  proximal 
margin  of  the  vestibule  during  distention,  or  notches  visible  during  distention 
may  disappear  after  complete  distention  (Fig.  5).  As  far  as  can  be  determined 
from  the  roentgen  appearances,  it  is  the  failure  of  the  vestibule  as  a  whole  to 
relax  that  is  the  cause  of  the  delay  to  the  passage  of  barium.  This  description 
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Fu;.  5.  H.  K.  Traciiifis  from  a  movie  sequence  showing  th(^  eiitraiice  of  liaiiuni  into  the 
distal  esophagus  and  stages  in  filling  of  the  vestibule  in  a  jiatienf  with  a  small  hernia.  During 
filling  of  the  vestibule,  notches  were  seen  at  the  A  l(>vel  which  disajipeared  with  complete 
distention  (frame  7).  The  notches  at  the  B  level,  however,  jiersisted. 


applies  particularly  to  the  first  oi'  a  siiif^lc  swallow  of  haritiin  or  to  orderly  swallow- 
ing- 

2.  Additional  information  ran  Ix'  obtained  dnring  phases  of  repeated  swallcnv- 
ing.  The  patient  is  directed  to  swallow  the  flnid-hariiun  mixture,  to  stop  and 
then  to  resume  swallowing  after  a  variable  periotl  of  time.  I'lider  these  circum- 
stances, the  vestibule  and  the  hernial  sac  may  remain  distended  with  barium 
after  the  tubular  esophagus  has  been  emptied  by  a  stripping  peristaltic  wave. 
With  prompt  resumption  of  swallowing,  fresh  barium  may  be  observed  to  enter 
the  tubular  esophagus  prtjximal  to  the  ve.stibule  while  the  vestibule  it.self  re- 
mains filled  from  the  i)re\'ious  swallow.  In  occasional  instances  of  disorderly 
swallowing  of  this  type  (Fig.  (i),  a  band  or  ring  about  three  millimeters  in  length 
may  be  evident  between  the  tubular  esophagus  and  the  vestibule.  The  sphinc- 
teric  nature  of  this  band  is  indicated  by  its  localized  character  and  because  of  the 
fact  that  its  diameter  may  vary  independently  of  its  length.  ^Yhen  such  a  ring- 
is  .seen,  it  may  abruptly  relax  and  disappear,  sometimes  leaving  residual  profile 
notches  or  it  may  go  on  to  complete  contraction  (Fig.  ()D)  which  may  be  propa- 
gated both  proximally  and  distally  (Fig.  (»B,  (iD).  In  other  words,  during  un- 
usual episodes  of  rapidly  repeated  swallowing,  roentgen  appearances  may  be 
seen  which  furnish  in  rivo  evidence  for  the  existence  of  the  inferior  esophageal 
sphincter  of  Lerche.  However,  contraction  in  this  region  is  rarely  e\'ident  inde- 
pendently of  the  vestibule  distal  to  it  or  of  the  tubular  esophagus  proximal  to 
it.  In  fact,  as  fre.sh  barium  enters  the  distal  portion  of  the  tubular  esophagus,  it 
is  common  to  note  delay  in  distending  of  the  tubular  esophagus  for  a  variable 
distance  proximal  to  the  ve.stibule  (Fig.  (iC).  Under  ordinary  circumstances,  the 
activity  of  the  adjacent  portions  of  the  esophagus  obscures,  if  it  does  not  re- 
place, the  action  of  the  inferior  esophageal  sphincter.  At  times,  a  ring-like  con- 
traction in  this  region  seems  to  be  only  the  most  distal  and  most  persistent  of  a 
whole  series  of  tertiary  contractions  at  \-arious  le\-els  in  the  tubular  esophagus. 

3.  A  ring  of  variable  diameter  and  constant  length  has  not  been  seen  at  the 
di.stal  margin  of  the  vestibule.  In  contrast  to  the  ring  at  the  proximal  margin 
of  the  vestibule  which  may  disappear  completely  when  distention  occurs,  a, 
ring  at  the  distal  margin  of  the  vestibule  is  .seen  clearh-  onl\-  after  complete  dis- 
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Fig.  6A.  D.  W.  Enlarged  frame  showing  a  marked  circular  constriction  several  milli- 
meters in  length  at  the  junction  of  the  tubular  esophagus  and  the  vestibule.  This  constric- 
tion had  a  variable  diameter  while  maintaining  a  constant  length  and  suggests  a  circum- 
ferential sphincteric  band.  Several  small  tertiarj*  waves  are  seen  in  the  tubular  esophagus 
proximal  to  the  constriction. 


1/2  SEC 


1/2  SEC  1/4  SEC  1/4  SEC  1/4  SEC  I  SEC.  I  SEC. 


D.  W 

Fig.  6B.  D.  W.  A  rare  sequence  of  this  patient  showing  the  appearance  of  a  circular  con- 
striction at  the  junction  of  the  tubular  esophagus  and  the  vestibule  which  became  complete 
(frame  4).  This  contraction  then  proceeded  proximally  up  the  tubular  esophagus  which  also 
appeared  to  contract  in  a  diffuse  fashion;  at  the  same  time,  typical  vestibular  emptying 
was  seen  distallv. 


tention  has  been  achieved.  Under  these  circumstances,  this  distal  ring  is  of 
reproducible  or  constant  diameter  which  is  considerably  greater  than  the  caliber 
of  the  tubular  esophagus.  The  notches  representing  such  a  ring  in  profile  are 
characteristically  deep,  sharply  marked  and  rectangular.  Howe\-er,  prior  to 
complete  distention,  this  ring  and  these  notches  are  represented  by  more  shallow, 
somewhat  triangular  or  rounded  indentations  (Fig.  4B)  which  presumably  ha\'e 
a  similar  origin  and  nature.  These  less  well-defined  but  nevertheless  distinct 
and  definite  notches  are  much  more  commonly  seen  than  a  complete  ring.  The 
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Fig.  6C.  L).  W.  Setiucncc  shows  the  roeiitry  of  hariuin  into  tlio  tubular  csopliaKUs  shortly 
after  the  stripping  peristaltic  wave  had  emiitied  it;  the  vestibule  remained  tilled  with 
barium.  Frame  4  shows  the  eouieal  eonfiguratiou  of  the  distal  part  of  the  tubular  esophagus 
often  seen  under  these  cireumstances  with  a  short  coniijlete  constrictiou  (C)  at  its  distal 
end.  Subsequent  frames  show  ])ro}?ressive  tilling  of  the  distal  esojjhagus,  di.sappearance  of 
the  marked  eonstrirtion  and  the  ap]ieaiaiiec  of  notches  at  the  A  level. 


I  2  3  4  5  6  7  8 


aw. 


Fic;.  6D.  D.  W.  Selected  frames  from  another  unusual  seciuence  in  this  patient  showing 
barium  reentering  the  tubular  esophagus  while  the  vestibule  remained  filled.  A  short 
marked  constriction  i.s  seen  between  the  tubular  esophagus  and  the  vestibule.  This  w^ent  on 
to  a  complete  contraction  (frame  6)  which  appeared  to  progress  both  proximally  and  dis- 
tally.  The  appearances  in  frames  5  and  6  suggest  a  localized  sphincteric  band. 

demoii.stration  of  a  complete  ring  usually  refjuires  some  maiieux'er  to  increase 
intraabdominal  pressure  and  produce  over-distention  of  the  vestibular  region. 
There  is  no  delay  to  the  passage  of  the  barium  colimnn  at  the  distal  margin  of 
the  vestibule.  In  other  words,  no  e\'idence  could  be  produced  in  these  swallowing 
studies  in  patients  with  small  hernias,  or  in  ancillary  studies  of  regurgitation, 
to  substantiate  the  concept  of  a  discrete  sphincter  with  independent  function  at 
the  distal  margin  of  the  vestibule. 

The  conclusions  noted  above  indicate  that  the  usual  sphincteric  mechanism 
in  the  esophagogastric  region  is  a  contraction  of  the  vestibule  as  a  whole.  There 
is  evidence  to  suggest  that  there  may  be  a  band  f)f  circular  muscle  about  three 
millimeters  in  length  at  the  junction  of  the  tubular  esophagus  and  vestibule 
which  may  function  independently  of  the  portions  of  the  esophagus  on  each 
side  of  it.  There  was,  however,  no  e\'idence  of  a  cardiac  sphincter.  However,  a 
discrete  discontinuity  of  some  type  at  the  distal  margin  of  the  vestibule  is  indi- 
cated by  the  presence  of  the  notches  and  the  ring  often  seen  in  this  area.  It  may 
be  as.sumed  that  the  discontinuity  in  ([uestion  is  related  to  the  existence  of  the 
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Fig.  7A  Fk;.  7B 


Fig.  7C  Fig.  7D 


Fk;.  7.  ]).  \V.  Spot  radiograph.s  .'^howiiig  pha.ses  also  recorded  in  movie  .sequences.  Fig. 
7A.  Tlip  vestibule  is  moderately  distended  and  there  are  fairl\-  deej)  notches  at  its  proximal 
margin  (upper  arrow)  and  a  single  notch  at  its  distal  margin  on  its  right  aspect  Hower 
arrow).  Fig.  7B.  In  insj)iration,  the  vestibule  is  distended  to  a  greater  degree  than  in  7A. 
The  notches  at  its  pro.\imal  margin  are  less  marked  (upper  arrow)  but  a  complete  ring  is 
evident  at  its  distal  margin  (lower  arrow).  Fig.  7C.  Traces  of  residual  barium  in  the  con- 
tracted vestibule  (upper  arrow)  and  in  the  hernial  sac  (lower  arrow).  Barium,  filling  the 
tubular  esophagus,  is  dela\  ed  at  the  jjroximal  margin  of  the  markeilly  contracted  and  fore- 
shortened vestibule.  Fk;.  7D.  Residual  traces  of  barium  in  the  hernial  sac  onlw 

.specialized  muscle  fibers  to  which  the  term  cardiac  sphincter  has  been  applied 
for  many  years.  However,  the  use  of  the  term  sphincter  appears  to  be  a  mis- 
nomer. The  terms  distal  ring  and  distal  notches  for  these  findings  have  been 
used  in  this  report  in  order  to  remain  non-committal  about  their  nature  and  to 
distinguish  them  from  the  proximal  notches  and  the  proximal  ring  noted  at  the 
proximal  margin  of  the  vestibule.  As  additional  assistance  in  differentiating 
the  two  types  of  rings  (Fig.  7),  it  may  be  noted  that  the  proximal  ring  is  variable 
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in  (liaincter,  relatix  cly  iulriHiueiit  and  diflii  nil  to  iH^pioducc,  docs  not  exceed  the 
caliber  of  the  tubular  es()phaj!;us,  is  (|uitc  thin  and  I'aint  and  tlic  associated  ])ro- 
file  notches  are  small  and  shallow. 

At  this  point,  the  ([uestion  must  arise  whether  the  \-estil)nle  as  demonstrated 
above  should  be  consideicd  ])art  of  the  esophagus,  part  of  the  stomach  or  in 
accordance  with  Lerche  a  unit,  distinct  from  the  esophaf2;us  and  the  stomach. 
It  is  true  that,  from  a  functional  point  of  \-iew,  in  these  patients  with  small 
hernias,  tlie  vestibule  might  l)e  considei'ed  as  a  separate  unit.  It  is  difficult, 
howe\'er,  to  transfer  functional  criteria  to  the  anatomical  findings  of  the  surgeon 
or  pathologist.  Moreox'ci',  in  a  \ariety  of  conditions,  the  \'estil)ule  as  a  well- 
defined  functional  unit  is  not  evitlent.  it  appears  necessary  therefore  to  associate 
the  features  of  the  ve.stibule  as  described  above  with  more  conventional  anatomi- 
cal designations.  Attempts  to  do  this  are  confused  by  the  fact  that  the  definition 
of  the  level  at  which  the  esophagus  ends  and  the  stomach  begins  is  ecjuivocal 
and  depends  on  whether  the  criteria  used  are  based  on  (a)  mucosal,  (b)  mural 
or  nuiscular,  or  (c)  serosal  observations.  The  mucosal  criterion  is  the  beginning 
of  gastric  mucosa  and  gastric  rugae  wliicli  both  grossly  and  histologically  is 
usually  (juite  distinct  although  irregular  or  zigzag  in  appearance.  The  mural  or 
muscular  criterion  is  the  location  of  the  cardiac  slings  or  the  constrictor  muscle 
bundles.  The.se  refiuire  detailed  dis.secti<)n  for  their  demonstration.  The  serosal 
criterion  is  the  level  of  reflection  of  the  peritoneum,  evident  only  at  operation 
or  necropsy.  The  "cardia"  as  the  abi'upt  opening  of  the  esophagus  into  the 
stomach  is  not  a  satisfactory  criterion  since,  in  many  instances  and  in  patients 
with  small  .sliding  hernias,  it  is  not  clearly  demarcated.  The  relationship  of  these 
\'arious  landmarks  to  each  other  may  not  be  constant  from  patient  to  patient. 
Moreover,  in  a  particular  patient,  the  relationship  of  the  level  of  the  constrictor 
nuiscle  bundles  to  the  mucosal  junction  must  vary  to  a  limited  degree  depending 
on  the  state  of  contraction  or  relaxation  of  this  and  adjacent  regions  (7).  In  the 
contracted  state,  the  mucosal  pattern  of  the  \  estibule  often  appears  thickened 
(Fig.  7C).  Changes  in  the  relative  positions  of  the  mucosal  junction  and  the 
constrictor  .slings  were  well  demonstrated  in  the  dissections  of  Lerche. 

Since  the  most  commonh^  used  criterion  for  the  junction  of  the  esophagus  and 
the  stomach  is  the  mucosal  zigzag  line,  it  is  of  interest  to  determine  the  relation- 
ship between  the  level  of  the  distal  ring  or  distal  notches  (constrictor  slings?) 
to  the  mucosal  junction.  The  mucosal  junction  can  rarely  be  identified  on  roent- 
gen examination  with  any  certainty,  particularly  during  phases  of  distention 
(8).  Special  procedures  such  as  the  application  of  clips  or  the  injection  of  opaque 
material  into  the  wall  of  the  esophagus  at  the  mucosal  junction  at  the  time  of 
esophago.scopy  are  therefore  reciuired  to  determine  this  relationship.  The  evi- 
dence available  from  such  studies  (Figs.  8,  9)  confirms  the  expectation  that 
the.se  two  levels  are  approximately  the  same.  MoreoA'er,  practical  confirmation 
of  this  relationship  is  available  by  the  obser\-ation  at  endo.scop\^  of  gastric  rugae 
two  or  three  centimeters  higher  than  normal  in  any  instance  in  which  a  distal 
ring  or  distal  notches  are  demonstrated  roentgenologically  abo\'e  the  diaphragm. 

On  the  basis  that  a  distal  ring  or  distal  notches  furnish  a  satisfactory  demon- 
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Fig.  SA  Fig.  8B 


Fig.  8.  S.  Z.  This  patient  .<ho\ved  a  constant,  deep,  distal  or  B  ring  as  well  as  a  small 
hernia.  At  esophagoscop\',  opaque  material  was  injected  into  the  wall  of  the  esophagus  down 
to  the  beginning  of  the  gastric  rugae.  Roentgen  examination  was  performed  5  days  later. 
Fig.  8A.  The  injected  material  seen  as  opaque  droplets  and  short  streaks  in  the  right  pos- 
terior wall  of  the  esophagus  e.xtends  distally  to  the  level  of  the  ring.  This  indicates  that  the 
distal  ring  and  the  esophagogastric  mucosal  junction  are  at  the  same  level.  Fig.  8B.  Same 
examination.  The  esophagogastric  region  in  a  contracted  state.  The  transverse  ring  (right 
arrow)  can  be  faintly  seen  with  thick  folds  beginning  distal  to  it.  The  opaque  material  (left 
arrow)  extends  a  millimeter  or  so  beyond  the  ring. 

stration  of  the  junction  of  the  e.'^ophagiis  and  the  stomach,  several  statements 
can  now  be  made  expHcith': 

1.  The  vestibule  may  be  considered  as  a  specialized  portion  of  the  esophagus. 

2.  If  a  distal  ring  or  distal  notches  are  seen  clearly  above  the  hiatus  of  the 
diaphragm,  some  degree  of  hiatal  herniation  of  the  direct  type  must  be  present 
(Fig.  10).  This  conclusion  of  course  is  of  considerable  utilitj'  in  the  roentgen 
diagnosis  of  small  direct  hernias.  It  is  recognized  that  the  use  of  this  criterion 
will  miiltiplj'  the  number  of  instances  in  which  the  diagnosis  of  herniation  is 
made.  It  seems  pointless,  however,  to  deny  the  high  frequency  of  minimal  hernia- 
tion in  the  older  age  groups  by  adopting  other  terms  such  as  "hiatal  insuffi- 
ciency". The  radiologist  must  emphasize  to  his  colleages,  however,  that  this 
finding  is  a  statement  in  regard  to  the  anatomical  status  and  does  not  imply 
that  these  patients  are  necessarilj'  .-symptomatic  or  re(iuire  operati-\-e  intervention. 
The  absence  of  reflu.\  into  the  esophagus  in  the  majority  of  these  patients  .■should 
serve  as  a  deterrent  to  clinical  overemphasis. 

3.  I'nder  normal  circumstances,  the  proximal  portion  of  the  vestibule  is 
located  above  the  diaphragm  while  its  distal  part  is  located  in  and  below  the 
hiatus  of  the  diaphragm. 

The  reason  why  the  \  estibule  as  a  single  distensible  segment  is  not  demon- 
strable roentgeiiologically  under  normal  conditions  is  now  e\-ident  (Fig.  11). 
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Fi<;.  9C  Fig.  9D 


Fig.  9.  L.  L.  Fi<;.  9.A..  A  di.'^tal  ring  with  a  deep  notch  on  its  left  aspect  and  a  somewhat 
shallower  notch  on  its  right  asj)cct  was  easily  flomoristrated  in  this  patient.  Fig.  9B.  Patient 
in  Trendelenburg  jjosition.  Reflux  of  barium  from  tlie  stomach  into  the  esophagus  occurred 
without  dela>'.  This  is  important  evidence  for  the  ])resciicc  of  a  iiiatus  liernia.  Vic.  '.)C .  A 
film  taken  2  hours  after  esojihagoscopy  shows  marked  distal  notches.  The  tubulai'  i)ortion 
of  the  esophagus  is  ([uite  sjjastic  and  there  is  a  loca'ized  segment.  .3  or  4  mm.  in  length,  at 
the  junction  of  tlie  tubular  esoijhagus  and  the  vestibu'e  which  apjiears  completely  con- 
stricted. This  is  the  site  of  the  i)resumed  inferior  esophageal  sphincter.  Fig.  91).  A  film 
taken  2  hours  after  the  ai)i)lical  ion  of  a  clii)  (arrow)  to  the  esophagogastric  mucosal  junct  ion 
at  esoj)iiagoscopy .  Distal  notches  were  not  demonstrated  during  the  course  of  this  examina- 
tion. There  was  no  delay  to  the  i)assage  of  barium  at  the  site  of  the  clip.  Comparison  witli 
films  from  previous  examinations  suggests  that  the  clip  is  ap])roximately  at  the  level  of  the 
notches. 
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This  is  related  to  the  fact  that  the  (hsteiisil)iHty  of  the  (hstal  part  of  the  vesti- 
bule located  in  and  below  the  diaphraj^ni  is  artificially  limited  by  extrinsic  factors, 
i.e.  the  relatively  greater  intraabdominal  pressure.  For  the  same  reason,  a  distal 
ring  or  distal  notches  are  not  evident  when  this  area  is  normally  located.  Delaj' 
to  the  passage  of  the  liarium  column  may  l)e  seen  normally  (Figs.  IK",  12, 
one  or  two  centimeters  above  the  hiatus  of  the  diaphragm  and  this  le\'el  pre- 
sumably corresponds  to  the  proximal  margin  of  the  vestibule  in  its  normal  loca- 
tion. A  ring-like  complete  constriction  at  this  le\-el,  howe\'er,  is  not  .seen  normalh' 
thus  confirming  the  previous  conclusion  that  contraction  of  a  sphincter  in  this 
location  rarely  occurs  independently  of  contraction  of  the  vestibule  as  a  whole. 

As  noted  abo\  e,  the  progress  of  a  barium  colunui  may  be  delayed  at  the  proxi- 
mal margin  of  the  vestibule  but  there  is  no  e\  idence  that  there  is  any  delay  at 
the  cardia  per  .sr.  This  is  true  in  the  presence  of  a  small  hernia  as  well  as  under 
normal  circumstances.  The  pa.s.sage  of  barium,  howe\'er,  is  often  delayed  at  the 
level  of  the  hiatus  of  the  diaphragm  (Figs.  12,  13).  This  delay  is  markedlj'  exag- 
gerated when  the  patient  takes  a  deep  breath  during  the  course  of  swallowing. 
In  fact,  if  the  patient  is  sufficiently  co6perati\  e  and  takes  a  deep  inspiration,  the 
barium  column  in  the  hiatus  in  the  diaphragm  is  usually  completely  cut  off 
thereby  producing  an  appearance  to  which  the  term  "pinchcock  action"  of  the 
diaphragm  has  been  applied.  This  pinchcock  action  is  evident  not  only  in  patients 
with  a  normally  located  esophagogastric  junction  but  also  in  those  with  hiatus 
hernias  of  the  direct  type,  both  large  and  small  (Fig.  14).  It  must  therefore  be 
the  result  of  extrinsic  rather  than  intrinsic  factors.  When  a  patient  takes  a  deep 
breath,  not  only  is  the  barium  column  cut  off  at  the  level  of  the  hiatus,  but  a 
stripping  peristaltic  wave  is  also  initiated  which  empties  the  proximal  esophagus 
in  progressive  fashion.  As  a  result,  residual  barium  becomes  trapped  abo\'e  the 
diaphragm  and  assumes  a  sac-like  configuration  (Figs.  15,  16).  The  term  "phrenic 
ampulla"  was  used  by  Templeton  (2)  to  refer  to  this  specific  and  ({uite  charac- 
teristic roentgen  appearance.  This  author  also  clearly  described  that  the  constric- 
tion at  the  apex  of  the  phrenic  ampulla  configuration  may  continue  to  progre.ss 
distally  while  some  of  the  trapped  barium  is  forced  to  go  back  in  a  retro- 
grade fashion.  As  this  occurs,  the  phrenic  ampulla  of  course  diminishes  in  height 
(Figs.  15,  16).  In  other  words,  there  are  multiple  phrenic  ampullae  of  continually 
diminishing  size  depending  on  the  extent  of  progre.ss  of  the  peristaltic  wave 
(Fig.  17).  The  phrenic  ampulla  is  therefore  not  a  uni(iue  structure.  In  patients 
with  small  sliding  hernias,  the  hernia  also  contributes  to  the  ampulhuy  con- 
figuration (Fig.  17B)  and  forms  a  part  of  the  phrenic  ampulla.  In  a  patient  with 

Fio.  lOA.  M.  B.  K.\ami)le  of  ;i  small  direct  hernia  with  notches  (arrows)  marking  the  limits 
of  the  vestibule.  Fic.  lOB.  .\  small  hernia  with  prominent  notches  (arrow)  at  the  junction 
of  the  vestibule  and  the  hernial  sac  on  both  sides.  Xo  evidence  of  notches  or  a  constriction 
at  the  proximal  margin  of  the  vestibule.  Fio.  lOC  The  ])roximal  and  distal  margins  of  the 
vestibule  are  indicated  by  notches  (arrows).  Fi<i.  101).  .Multiple  tertiary  contractions  in  the 
esophagus  and  a  constriction  (upper  arrow)  at  the  junction  of  the  lui»dar  eso])liagus  and 
the  vestibule  which  is  suggestive  of  a  short  sphincteric  band.  The  convex  notch  on  the  right 
posterior  aspect  of  the  saccular  structm-e  above  the  diai)hragm  (lower  arrow)  indicates  the 
junction  between  the  vestibule  and  the  herniated  portion  of  the  stomach.  .\  i)hase  such  as 
this  suggests  that  the  inferior  esophageal  sjjhincter  may  be  an  exaggeration  of  the  multi])le 
I)otential  areas  of  circumferential  contraction  indicated  bj'  tertiary  waves. 
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Fig.  IIA  Fi<;.  IIB 

Figs.  IIA  and  IIB.  Diagrammatic  representation  of  the  location  and  appearance  of  the 
vestibule  in  a  patient  with  a  small  hernial  sac  of  the  direct  t.\i)e.  Fic;.  IIA.  The  vestibule, 
which  extends  from  A  to  B,  is  shown  in  its  contracted  state.  In  this  phase  tlie  entire  vestibule 
may  be  considered  to  act  as  a  sphincter  and  the  terms  vestibular  si)hincter,  gastroesojjhageal 
sphincter  or  internal  sphincter  are  applicable.  (Fov  i)ur])oses  of  comparison  with  Fig.  IIB, 
the  longitudinal  shortening  of  the  vestibiUe  usu:dl,\-  jjresent  in  its  contracted  state  is  not 
shown.)  Fig.  IIB.  Demonstrates  the  remai'kable  distensibilit y  of  the  vestilnile,  the  faint 
notches  which  may  be  seen  at  its  pro.ximal  margin,  and  the  deep  notches  and  sharjjly  de- 
marcated ring  at  its  distal  margin. 

a  hiatus  hernia  therefore,  the  phrenie  ampulla  is  fre<iueutly  of  surprisingly  large 
size.  A  distal  ring  is  often  best  seen  during  this  particular  functional  phase  be- 
cause of  the  marked  distention  associated  \vith  it.  When  a  ring  is  seen  in  a  phrenic 
ampulla,  it  may  be  noted  that  the  ring  is  fixed  in  location  and  .static  in  character 
and  that  the  stripping  peristaltic  wave  stops  a  short  distance  proximal  to  it. 
It  may  be  assumed  that  the  point  aliout  two  ceiitimetors  or  so  proximal  to  such 
a  distal  ring  at  which  a  peristaltic  wa\'c  stops  represents  the  proximal  margin 
of  the  vestibtile. 

Phrenic  ampullae  as  described  abox  e  in  accordance  with  the  original  descrip- 
tion of  Templeton  are  \'ery  familiar  to  radiologists,  ['nfortunately,  however, 
the  term  phrenic  ampulla  was  pre\'iously  used  in  the  anatomical  literature  to 
describe  a  saccular  dilatation  above  the  diaphragm.  When  Templeton  adopted 
this  term  to  refer  to  his  roentgen  findings,  it  was  in  the  belief  that  he  was  de- 
scribing this  particular  anatomical  structure.  Howe\'er,  he  clearly  re.serv'ed  the 
right  to  change  his  mind  if  this  should  turn  out  to  be  incorrect.  It  is  not  po.ssible 
at  this  date  to  determine  the  preci.se  meaning  of  the  original  anatomical  de.scrip- 
tion  of  the  phrenic  ampulla  but,  if  specific  at  all,  it  appears  more  applicable  to  the 
structure  currently  termed  the  \'estibule  rather  than  to  the  roentgen  appearances 
described  by  Templeton.  The  duality  of  the  use  of  the  term  phrenic  ampulla, 
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Fig.  lie  Fig.  IID 

Figs.  IIC  and  IID.  Diagrammatic  rej)re.sentatioii  of  the  location  and  appearance  of  the 
vestibule  under  normal  cironmstances,  that  is,  in  the  ab.sence  of  a  hernia.  Fig.  IIC.  The 
contracted  ve.stibule  traversing  the  hiatus  of  the  diaphragm.  The  e.xact  level  of  the  hiatus 
of  the  diaphragm  in  relationship  to  the  dome  of  the  diaphragm  caiuiot  be  determined  imder 
these  circumstances.  Fig.  111).  With  the  vestibule  rela.xed  and  filled,  only  the  portion  above 
the  hiatus  of  the  diaphragm  distends  to  a  calil)er  greater  than  the  remainder  of  the  esoph- 
agus. The  portion  of  the  vestibule  in  and  below  the  hiatus  of  the  diaphragm  is  limited  in 
distending  l)y  the  greater  e.xternal  intraabdominal  pressure.  The  demonstration  of  the 
vestibule  as  a  single  distensible  saccular  structure  with  a  di.stal  ring  is  therefore  not  possible 
under  normal  circumstances.  The  narrow  distal  portion  of  the  vestibule  serves  to  identify 
the  location  of  the  hiatus  or  the  hiatal  canal. 

originally  in  the  anatomical  literature  and  then  in  the  roentgen  literature,  has 
created  considerable  confusion.  It  is  therefore  recommended  that  the  anatomical 
connotation  of  this  term  be  dropped  completely,  that  its  u.se  be  confined  to  the 
functional  appearances  described  so  well  by  Templeton  and  that  phrenic  ampullae 
be  clearly  distinguished  from  the  yestibule  (Figs.  11,  17). 

The  phrenic  ampulla  phenomenon  has  greater  significance  than  the  fact  that 
it  can  be  produced  by  requesting  the  patient  to  take  a  deep  breath  while  swal- 
lo\yiug  baritmi.  With  patients  in  the  recumbent  position,  phrenic  ampullae  of 
diminishing  size  can  often  be  seen  at  the  end  of  swallowing.  This  phenomenon 
appears  to  play  a  role  in  transferring  the  last  bolus  of  fluid  from  above  to  below 
the  diaphragm  without  permitting  reflux.  Normally,  the  stripping  peristaltic 
wave  does  not  completely  enipty  the  esophagus  since  it  does  not  appear  to  enter 
the  \'estibule.  A  special  mechanism,  therefore,  is  rer[uired  at  the  end  of  swallow- 
ing for  final  clearance  just  as  a  special  mechanism  is  re(iuired  at  the  beginning, 
in  order  to  pre\'ent  the  relatively  greater  intraabdominal  pressure  from  producing 
leflu.x.  Another  feature  of  the  phrenic  ampulla  phenomenon,  particularly  as  seen 
during  entptying,  is  the  fact  that  the  constriction  which  appears  at  the  apex  of 
the  phrenic  ampulla  may  persist  for  a  A-ariable  period  of  time.  This  may  be 
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R.A.  2      STEPWISE  PINCHING  WITH  SHORT  INSPIRATION  AND 
EMPTYING  WITH  EXPIRATION 

Via.  12.  H.  A.  Fk;.  12A.  (Ui)pei-  Kuw  i  Tracings  fruiu  a  movie  sfiiueiu'c  in  a  normal 
patient.  Frame  1  .show.s  delay  to  the  ])assage  of  the  barium  column  at  a  point  (X)  about  2 
cm.  above  the  hiatu.^  of  the  diai)hragni.  Frame  2  show.s  ])rogress  of  the  barium  column  to 
the  level  of  the  hiatus  of  the  diaphragm  with  transient  delay  at  this  level.  Frame  3  shows 
passage  of  barium  through  the  hiatus.  Subseciuent  frames  show  the  ai)pearances  of  the 
barium  column  in  the  hiatal  canal  as  it  distends.  The  barium  column  goes  through  the 
cardia.  (B)  into  the  stomach  without  delay.  The  letter  J)  (frames  H  and  4)  indicates  the 
level  of  the  hiatus  of  the  diai<hragm  which  issituatetl  well  below  the  dome.  The  original 
site  of  delay  (frame  1)  prcsu!nal)l\-  represents  the  jiro.ximal  margin  of  the  contracted  ves- 
tibule. Fk;.  12B.  (Lower  Row)  Phases  during  emptying  of  the  final  l)oliis  of  bariiun  from 
the  distal  esojjhagus.  The  appearances  resemble  the  jjhrenic  amjiulla  which  diminished 
in  size  in  stepwise  fashion  associated  with  short  insi)iration  and  expiration.  This  se- 
quence mav  be  compared  with  emi)t\ing  phases  in  a  patient  with  a  small  hernia  shown  in 
Fig.  10. 

deinon.-^trated  by  requesting  the  patient  to  re.sume  .•^wallowing  shortlj-  after 
emptying.  A  rather  elongated  or  hourglass  constriction  can  then  often  be  demon- 
strated above  a  small  phrenic  ampulla  (Fig.  18).  A  constriction  of  this  type  has 
sometimes  been  referred  to  as  the  inferior  esophageal  sphincter  but  it  does  not 
resemble  the  ring-like  contraction  described  above  in  patients  \\  ith  small  hernias 
(Fig.  G). 

The  phrenic  ampulla  phenomena  diu'ing  emptying  may  also  he  .seen  in  patients 
with  small  sliding  hernias.  However,  in  some  of  these  patients,  the  emptying 
mechanism  often  has  a  different  appearance  suggesting  that  the  vestibule  may 
play  a  role  during  emptying  a^  well  as  filling  (I'ig.  1!)).  ^^'hen  swallowing  stops, 
the  primary  peristaltic  wave  rapidly  strips  the  tubular  esophagus  down  to  the 
proximal  margin  of  the  vestil)ulc.  Then  the  appearance  changes  and  the  vestit)ulc 
empties  more  slowly  and  appears  to  collapse  as  a  unit,  sometimes  maintaining  a 
surprisingly  flat  superior  surface.  The  small  hernial  sac  m;iy  contract  simultane- 
ously with  the  vestibule  and  this  combined  contraction  may  succeed  in  emptying 
the  barium  into  the  stomach  below  the  diaphragm.  Often,  however,  a  smtUl 
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Fig.  13.  R.  R.  Xormal ;  no  hcinia.  Tiacing.s  from  movie  .sequence  .showing  delay  in  passage 
of  barium  about  2  cm.  above  the  hiatus  (at  X  in  frame  7),  progres.s  during  filling  down  to 
the  level  of  the  hiatu.s  (frame.s  7  to  11),  pas.sage  through  the  hiatus  (D)  and  entrance  into 
the  stomach  (B).  Frame  20  indicates  the  X,  D,  and  B  levels  during  inspiration  and  phrenic 
ampulla  formation.  In  one  fleeting  frame  (30),  a  spindle-shaped  configuration  was  seen 
extending  from  X  to  B  through  the  hiatus  (vestibule  in  normal  location). 


Fig.  14A  Fig.  14B 

Fig.  14.  The  pinchcock  aclion  in  a  patient  with  a  wide  hiatus  and  a  small  hiatus  hernia. 
Fig.  14A  shows  a  wide  barium  column  traversing  the  hiatus  of  the  diaphragm  (arrow)  and 
outlining  the  thick  gastric  folds  of  the  hernial  sac.  Fig.  14B.  In  inspiration,  there  is  com- 
plete cut-off  (arrow)  of  the  barium  column  through  the  hernial  sac  at  the  level  of  the  hiatus 
of  the  diaphragm. 
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Fig.  15.  F.  D.  Tracing.^  from  a  movie  se<iupiipe  .sliowiiig  tin;  formation  and  change  in  size 
of  the  i)hrenic  ampulla  duiiiig  maintained  (leep  in.-^piration.  The  elongated  constriction  (M) 
represents  the  stripping  i)(>ristaltic  wave  whicii  is  slowed  iij)  in  the  distal  esoi)hagus  as  it 
progresses  into  the  anipuilarv  formation  and  displaces  barium  i)ro.\ima]! y.  Note  that  the 
widtli  of  this  constriction  increases  as  it  [jrogiesses  distal!>-  and  that  the  wave  stops  about 
3  cm.  al)ove  the  dia])hragm.  The  jjresence  of  a  small  hernia  in  this  ])atient  is  not  evident 
in  these  tracings  but  was  suspected  from  ot lier  view s.  Faint  notches  about  2  cm.  above 
the  diai)hragm  were  occasionally  seen  in  fleeting  fashion. 
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S.Z. 

Fig.  16.  S.  Z.  This  is  the  same  patient  illustrated  in  Fig.  8  in  whom  opaciue  material  was 
injected  into  the  wall  of  the  esophagus  down  to  the  esophagogastric  mucosal  junction  con- 
firming the  presence  of  a  small  hiatus  hernia  beginning  at  the  BB  ring.  Sequence  of  events 
during  deep  inspiration  and  the  formation  of  the  phrenic  ampulla  demonstrates  that  the 
BB  ring  remains  unchanged  in  location  while  the  constriction  associated  with  the  peristaltic 
wave  (M)  travels  distally  Init  stops  1  cm.  or  so  above  the  B  level.  Note  complete  cut  off  at 
level  of  hiatus  (dashed  line  in  frame  1)  despite  the  presence  of  a  hernia. 

amount  ol  baritim  remains  in  the  hernial  sac  for  a  con.siderahie  period  of  time 
and  occasionally  some  barium  may  al.'^o  he  retained  in  the  contracted  vestibule 
as  well. 

Special  interest  is  attached  to  the  phenomenon  of  regurgitation  in  ]xitients 
with  hiatus  hernias  since  regurgitation  of  acid  gastric  conleiils  inio  the  esophagus 
Is  involved  in  the  pathogenesis  of  inflammatory  changes  of  the  esophagus  (9). 
In  some  patients  with  .<mall  direct  hernias,  bariiun  will  flow  freely  from  the 
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PHRENIC    AMPULLAE  PHRENIC  AMPULLAE 

NO  HERNIA  SMALL  DIRECT  HERNIA 


Fig. 17A  Fig.  17B 


Fig.  17.  Diagrammatic  representation  of  phrenic  ampullae.  Fig.  17A.  Normal;  no  hernia. 
While  the  pincheock  action  at  the  hiatus  is  effective,  pear-shaped  sacs  of  diminishing  size 
are  seen  as  barium  is  displaced  proximally.  The  distal  part  of  the  vestibule  is  occluded  by 
the  pincheock  action.  If  the  pincheock  action  is  not  completely  effective,  barium  may  enter 
the  stomach  while  the  .sac  diminishes  in  size.  Fig.  17B.  Small  direct  hernia.  The  pear-shaped 
sacs  are  larger  and  include  the  vestibule  and  herniated  stomach  distall}'.  Notches  between 
the  vestibule  and  the  hernia  may  or  may  not  he  evident. 
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R.A.  4 

Fig.  18.  R.  A.  A  patient  without  a  hiatus  hernia  showing  residual  barium  in  the  phrenic 
ampulla  and  a  persistent  elongated  constriction  proximal  to  it  demon.strated  by  additional 
barium  entering  from  above.  During  this  sequence,  the  phrenic  ampulla  diminished  in  size 
and  emptied  completely  although  the  barium  cohniin  was  held  up  about  2  cm.  above  the 
hiatus.  This  level  presumably  corresponds  to  the  proximal  margin  of  the  vestibule  and  to 
the  proximal  margin  of  the  smallest  of  the  phrenic  ampullae.  The  vertical  arrows  in  frame 
4  show  up  and  down  excursion  of  the  barium  column  sj-nchronously  with  the  diaphragm 
during  expiration  and  inspiration.  The  delay  to  the  passage  of  barium  under  these  circum- 
stances is  not  due  to  pincheock  action  since  it  is  above  the  hiatus  and  independent  of  the 
phase  of  respiration. 

infradiaphraginatic  portion  of  the  .stomach  into  the  hernial  sac  and  into  the 
esophagus  simply  under  the  influence  of  gravity.  This  is  demonstrated  by  plac- 
ing the  patient  in  the  Trendelenburg  position  after  filling  the  stomach  with  fluid 
barium.  Prompt  reflux  under  the  influence  of  gra^'ity  may  be  referred  to  as  "free 
regurgitation".  In  other  patients,  with  small  or  large  hernias,  reflux  does  not 
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Fig.  19.  1{.  K.  Emptying  phases  in  a  patient  with  a  .small  hernia.  Filling  phases  in  this 
patient  arc  shown  in  Fig.  5.  The  vestibule  e.xtend.s  from  AA  to  BB  (frame  3).  The  first  three 
frames  show  the  rapid  entrance  of  the  peristaltic  wave  into  the  tubular  esophagus.  The 
conical  configuration  of  this  region  (frame  2)  suggests  preparatory  contraction  for  a  short 
distance  in  advance  of  the  stripping  wave.  A  small  cap  (Z  in  frame  3)  is  often  seen  at  the 
transition  from  tubular  to  vestii)ular  emptying.  Between  frames  3  and  4,  a  contraction  in 
the  AA  region  may  be  attributed  to  the  inferior  esophageal  sphincter.  The  flat  top  seen  in 
frame  5  is  maintained  during  subsequent  frames,  suggesting  simultaneous  longitudinal  and 
circular  contraction. 

occur  or  can  be  induced  only  by  .special  maneuvers  which  serve  to  increase  re- 
markably the  differential  pressure  between  the  abdomen  and  the  mediastinum. 
In  tests  for  regurgitation,  it  therefore  must  be  clearly  specified  under  what  con- 
ditions reflux  can  be  made  to  occur  and  whether  barium  enters  not  only  the 
hernial  sac  but  the  esophagus  as  well.  Reflux  of  barium  in  some  patients  with 
small  hernias  may  be  delayed  as  a  result  of  failure  of  the  \-e8tibuIe  to  relax  (Fig. 
2A).  This  mechanism  of  pre^•enting  regurgitation,  however,  appears  to  be  easily 
o\'ercome.  JVIore  commonly  when  reflux  into  the  esophagus  is  delayed,  both  the 
vestibule  and  the  hernial  sac  fill  with  barium  (Fig.  20).  If  intraabdominal  pres- 
.sure  is  further  increased,  barium  may  enter  the  tubular  esophagus  in  a  thin 
streak  (Fig.  20B)  or  fill  the  tubular  esophagus  while  a  short  narrowed  segment 
remains  at  the  junction  of  the  tubular  esophagus  and  the  vestibule  (Figs.  20C, 
20D).  This  appearance  suggests  the  possibility  that  the  inferior  esophageal 
sphincter  plays  a  role  in  pre\'enting  reflux  but  it  is  likely  that  a  more  general 
contraction  of  the  tubular  esophagus  also  participates.  The  markedly  distended 
sac  seen  above  the  diaphragm  when  reflux  into  the  tubular  esophagus  is  ob- 
structed recalls  the  description  of  Lerche  of  ballooning-up  of  the  vestibule  during 
expulsion  of  gastric  contents.  However,  this  sac  consists  of  the  vestibule  plus  a 
herniated  portion  of  the  stomach.  ^Moreover,  there  is  no  constriction  at  its  distal 
end.  On  the  contrary,  it  is  evident  that  the  ballooning-out  is  the  result  of  free 
communication  with  the  stomach  below  the  diaphragm  (Fig.  20B,  20D). 

The  most  common  site  at  which  reflux  in  patients  with  hiatus  hernias  is  ob- 
structed is  at  the  level  of  the  hiatus  of  the  diaphragm  (Fig.  21).  Since  the  stomach 
occupies  the  hiatus  under  these  circumstances,  this  mechanism  must  be  of  ex- 
trinsic origin.  It  cannot  be  the  result  of  pinchcock  action  per  .se  since  it  is  inde- 
pendent of  the  phase  of  respiration.  In  fact,  obstruction  at  this  level  can  some- 
times be   overcome  by  deep  inspiration  The  amotmt   of  .stomach  which 
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Fig.  20B 


Fig.  20C  Fig.  20D 


Fig.  20.  Patients  with  small  hernias.  Appearances  during  delayed  reflux  in  the  Trendelen- 
burg position.  Fig.  20A.  Reflux  of  barium  from  the  infradiaphragmatie  portion  of  the 
stomach  into  the  small  hernial  sac  and  into  the  vestibule  is  present.  The  notch  on  the  left 
side  (arrowj  is  indicative  of  the  demarcation  between  the  vestibvde  and  the  hernial  sac.  A 
streak  of  baiium  is  noted  in  the  tuljular  portion  of  the  esophagus.  Fig.  20B.  In  another 
patient,  filling  of  the  hernial  sac  and  the  vestibule  without  any  evident  demarcation  between 
these  two  regions  is  present.  A  tliin  streak  of  l)arium  fills  the  tubular  esophagus  over  a  long 
distance.  An  appearance  such  as  this  does  not  indicate  the  reason  for  the  obstruction  to  the 
retrograde  flow  of  bariimi  from  the  vestibule  into  the  tubular  esophagus  since  it  may  be  due 
to  a  localized  constriction  at  the  i)roximal  margin  of  the  vestibule  or  a  more  extensive  con- 
traction of  the  tubular  esophagus.  Fi<;.  20C.  .Vnother  jjatient  shows  reflux  into  the  hernial 
sac  and  into  the  vestibule,  .\fter  a  period  of  time,  bariiun  entered  the  tubular  portion  of  the 
esophagus.  \  rather  ill-defined,  short  segment  of  narrowing  (arrow)  is  seen  between  the 
poorly  distended  tubular  esophagus  and  the  vestibule.  Fig.  201).  Another  patient  shows 
filling  of  the  hernial  sac  and  the  vestibide  which  are  not  demarcated  from  each  other.  Barium 
entered  and  distended  the  tul)u]ar  esophagus  but  a  persistent  short  constriction  between  the 
tubular  esophagus  and  the  vestibule  persisted  (arrow).  This  suggests  the  possibility  that 
the  obstruction  to  the  retrograde  flow  of  barium  from  the  vestibule  into  the  tubular  esoph- 
agus may  be  due  to  a  rather  isolated  contraction  of  the  so-called  inferior  esophageal  sphinc- 
ter, at  least  in  some  patients. 
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Figs.  21A  and  21B.  Fig.  21.\.  A.  D.  Film  taken  during  swallowing  of  fluid  barium  in  the 
prone  right  oblique  position  demon.strates  marked  widening  of  the  hiatus  with  a  moderate 
sized  hernial  sac.  Fig.  21B.  Same  patient  in  Trendelenburg  position  showing  no  reflux 
through  the  hiatu.s.  It  is  assumed  that  the  hernial  .sac  is  still  present  above  the  hiatus  since 
it  is  unlikely  that  a  sac  of  the  size  seen  in  Fig.  21A  could  be  reduced  with  the  patient  in  the 
Trendelenburg  position. 

intervenes  between  the  tlonie  of  the  diaphragm  and  the  le\  el  of  the  hiatus  when 
the  patient  is  im'erted  into  the  Trendelenburg  position  seems  to  play  a  role  in 
this  mechanism.  In  patients  with  sliding  hernias  but  without  reflux  through  the 
hiatus,  the  distance  between  the  dome  and  the  hiatus  is  greater  than  in  those 
patients  who  show  such  reflu.x  (Figs.  20,  21 B,  21 D).  When  the  dome  is  near  the 
hiatus,  the  infradiaphragmatic  and  herniated  portions  of  the  stomach  are  "in 
line"  with  no  acute  angulation  at  the  hiatus  to  ob.struct  retrograde  flow.  These 
observations  confirm  the  concept  of  a  ^■alvular  nature  of  the  mechanism  at  the 
hiatus  which  seems  to  prevent  reflux. 

In  addition  to  the  gastroesophageal  vestibule,  Lerche  beHeved  that  another 
segment  of  the  esophagus,  about  two  centimeters  in  length,  immediately  proximal 
to  the  vestibule  also  showed  special  features.  He  believed  that  this  segment  could 
also  balloon  out  and  form  a  discrete  saccular  dilatation  and  referred  to  it  as  the 
'"ampulla  of  the  esophagus".  Unfortunately,  at  times,  he  used  the  term  phrenic 
ampulla  presumably  to  apply  to  this  same  segment.  He  did  not  indicate  any 
specific  landmark  for  its  proximal  extent.  However,  this  particular  portion  of 
the  tubiflar  esophagus  has  not  been  observed  to  distend  as  a  unit  and  does  not 
show  sufficiently  imitiue  functional  chai'acteristics  to  warrant  a  special  designa- 
tion. If  the  term  phrenic  ampulla  were  applied  to  it,  this  would  serve  only  to 
increase  the  confusion  already  surrounding  this  particular  name.  As  pointed  out 
above,  the  terminal  portion  of  the  tubular  esophagus  occasionally  shows  some 
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Figs.  21C  and  21D.  Fig.  21C.  B.  C.  Film  taken  during  swallowing  show.?  a  moderate 
sized  hiatus  hernia  with  markedly  widened  hiatus.  Fig.  21D.  Same  patient  as  21C,  in  Tren- 
delenburg position.  Reflux  beyond  the  level  of  the  hiatus  of  the  diaphragm  is  not  present. 

delay  in  di.stending,  particularly  if  it  has  been  recently  emptied  b}'  a  stripping 
peristaltic  wave  (Fig.  6C).  Under  these  circumstances,  a  rather  elongated  con- 
traction of  this  area  may  resemble  and  be  mistaken  for  the  contracted  state  of 
the  vestibule  itself  (Fig.  22).  Occasionallj^  a  short  circumferential  constriction 
of  a  very  transient  nature  may  be  seen  about  two  centimeters  proximal  to  the 
vestibule  (Fig.  23)  but  this  resembles  a  tertiary  contraction  rather  than  a  sphinc- 
teric  band.  Very  rarely,  a  thin  ring  or  small  profile  notches  may  be  evident  at 
this  level  which  may  resemble  the  ring  and  the  notches  more  commonly  seen 
at  the  proximal  margin  of  the  ^'estibule.  A  rather  characteristic  feature  of  the 
terminal  portion  of  the  tubular  esophagus  is  the  fact  that  it  becomes  quite  tor- 
tuous when  maximum  herniation  has  been  produced  by  maneuvers  to  increase 
intraabdominal  pressure  (Fig.  24).  The  remainder  of  the  tubular  esophagus  may 
remain  straight  and  relatively  taut  under  these  circumstances  suggesting  the 
possibility'  that  the  fascial  attachments  to  the  diaphragm  (phrenicoesophageal 
ligament?)  insert  into  the  esophagus  several  centimeters  above  the  proximal 
margin  of  the  vestibule. 

A  ring  apparently  identical  with  the  ring  described  above  as  the  distal  ring 
was  included  in  the  original  description  of  the  phrenic  ampulla  by  Templeton 
(2).  The  present  conclusion,  that  it  is  indicative  of  a  small  direct  hernia,  was  not 
drawn  by  this  author.  A  similar  ring  was  also  described  hy  Schatzki  and  Gary 
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Fig.  22.  Fig.  22A.  M.  B.  This  i.s  the  same  patient  illustrated  in  Fig.  lOA  but  in  this  phase 
the  distal  tubular  esophagus  is  incompletely  distended.  A  contracted  segment  (arrow) 
about  \^  cm.  in  length  is  seen  ])rDximal  to  the  vestibvdc.  This  is  not  a  sharply  demarcated 
ring.  Fig.  22B.  Another  jiutient  showing  a  small  hernial  sac  with  beginning  filling  of  the 
contracted  vestibule  (arrow)  which  measures  about  l'-2  or  2  cm.  in  length.  E.xcept  for  its 
location,  the  contracted  vestiljule  at  such  an  instant  is  similar  in  appearance  and  in  length 
to  the  contraction  in  the  distal  portion  of  the  tubular  esoj)hagus  seen  in  Fig.  22A.  However, 
the  contracted  vestibule  after  filling  distends  to  a  diameter  greater  than  the  tubular  esoph- 
agus and  may  also  elongate. 

(10,  11)  and  by  Ingelfinger  and  Kramer  (12).  These  authors  pointed  out  that 
the  caliber  of  this  ring  might  be  reduced  to  a  point  where  swallowing  of  large 
boluses  of  food  might  l)e  obstructed.  The  present  authors  have  no  case  with  an 
incompletely  distensible  ring  in  this  region  which  has  been  sufficiently  well 
studied  to  prove  conclusively  its  location.  Motion  picture  studies  of  a  patient 
with  such  a  ring,  however,  confirm  the  observations  of  Schatzki  that  this  ring 
is  static  in  character  rather  than  contractile  and  that  it  is  unchanging  in  location 
in  relationship  to  the  esophagus  although  its  relationship  to  the  level  of  the 
diaphragm  may  change  with  filling  and  emptying  of  the  region  (Fig.  25).  In 
this  patient,  the  esophagus  for  a  short  distance  proximal  to  the  ring  often  showed 
some  delay  in  distending  and  assumed  a  conical  configuration;  the  tj'pical  ap- 
pearance of  a  ^•estibule  or  of  the  inferior  esophageal  sphincter  was  not  apparent. 
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Fig.  23.  D.  W.  Tracing.-^  from  a  movie  .sequence  .showing  fleeting  slight  constriction 
(arrows)  1  to  2  cm.  proximal  to  the  vestibule,  in  the  tubular  esophagus.  A  constriction  such 
as  this  was  rarely  seen  in  this  patient.  The  vestibule  extends  from  AA  to  BB. 


Fig.  24.  A  patient  with  a  small  liernia  is  swallowing  hariimi  in  the  right  oblique  prone 
position  while  lying  on  a  radiolucent  bolster.  The  sac  ai)ove  the  diaphragm  consists  of  the 
markedly  distended  vestibule  as  well  as  the  hernial  sac.  The  tubidar  esophagus  proximal  to 
the  sac  over  a  distance  of  about  2  cm.  (between  arrows)  is  markedly  tortuous.  With  the 
bolster  removed,  the  sac  was  smaller  and  the  tortuosity  absent.  Incidentally,  over  a  short 
distance  at  the  junction  of  the  tubular  esophagus  and  the  sac  (lower  arrow),  there  is  a 
complete  contraction  (inferior  esophageal  sphincter?!. 


.J 
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Fig.  25.  Tracings  from  two  seciiieiiccs  in  a  patient  with  a  nondistensible  ring  (RH)  show 
phases  during  filling.  There  was  no  specific  level  at  which  the  barium  column  was  delayed 
but  a  general  delay  in  distending  for  2  or  3  cm.  proximal  to  the  ring  was  noted.  The  width 
and  length  of  the  ring  were  constant  and  it  did  not  travel  or  move  independently  of  the 
adjacent  regions.  With  emptying,  the  region  distal  to  the  ring  shortened  and,  as  a  result, 
the  ring  assumed  a  position  closer  to  the  diaphragm.  .\t  the  same  time,  the  esophagus  proxi- 
mal to  the  ring  was  stretched  longitudinally.  The  general  delay  in  distending  the  esophagus 
proximal  to  the  ring  seemed  to  be  related  to  this  stretching  since,  with  filling,  the  ring  was 
pulled  proximally.  The  excursion  of  the  ring  between  filling  and  emptying  was  about  2  cm. 


It  should  be  cmpha.'<ized  that  a  .small  hiatus  hernia  of  the  direct  t\-pe  may  be 
pre.sent  without  the  appearance  of  a  ring  or  notche.s  of  any  type.  Xe\'ertheless, 
a  completely  distensible  distal  ring  occurs  so  frequently  in  this  group  of  patients, 
if  efforts  to  demon.strate  it  are  made  (13),  that  it  cannot  l)e  considered  of  patho- 
logical significance  (14).  It  is  assumed  at  present  that  an  incompletely  distensible 
ring  is  superimposed  on  and  replaces  the  normally  distensible  distal  ring.  How- 
ever, the  possibility  that  stenotic  rings  of  similar  appearance  may  occur  at  other 
sites  in  the  distal  esophagus  is  not  excluded. 

With  a  large  hiatus  hernia  of  the  direct  type,  the  \estibule  as  a  discrete  dis- 
tensible region  is  rarely  evident.  In  these  patients,  a  portion  of  the  esophagus, 
one  or  two  centimeters  in  length,  immediately  proximal  to  the  hernial  .sac  often 
shows  a  localized  contraction  (4).  When  this  .segment  relaxes,  howe\-er,  it  usualh' 
assumes  the  same  caliber  as  the  remainder  of  the  esophagus.  The  contracted 
state  may  represent  a  foreshortened  \-estibule  and  the  failure  to  achieve  maxi- 
mum distention  niav  \.v  due  to  the  fact  that  the  pressure  within  it  cannot  be 
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(  I  SEC.)  (  2  SEC  )  (  M/2  SEC.) 


Fig.  26.  Tracing.s  from  a  patient  with  a  combined  type  of  hernia.  The  paraesophageal 
component  is  considerably  larger  than  the  direct.  A  segment,  AA  to  BB,  which  acts  like  the 
vestibule  is  present.  There  was  moderate  delay  at  the  proximal  margin  of  the  vestibule  but 
none  at  its  distal  margin. 

built  up  to  a  sufficientlj-  high  point  when  the  hernial  sac  is  large  and  extends 
well  into  the  mediastinum.  In  instances  of  the  combined  tj-pe  of  hiatus  hernia 
in  which  the  direct  component  is  relatively  smaU,  a  somewhat  atypical  vestibule 
may  be  e\'ident  immediateh'  proximal  to  the  direct  sac  (Fig.  26).  In  the  presence 
of  inflammatory  changes  in  the  distal  portion  of  the  esophagus,  the  vestibule  as 
a  distensible  structure  caimot  be  recognized.  It  is  of  interest  to  note  that  in  some 
cases  of  cardiospasm,  a  small  .sac-like  structure  of  variable  configuration  may 
be  noted  just  above  the  hiatus,  intervening  between  two  constricted  segments 
(Fig.  27).  In  one  instance  of  this  type,  the  fact  that  the  esophagogastric  mucosal 
junction  was  at  the  distal  margin  of  this  saccular  area  was  confirmed  hy  applying 
a  clip  at  endoscopy.  In  such  cases,  the  small  sac  has  been  referred  to  as  the 
vestibule  and  cardiospasm  has  been  attributed  to  ve.stibular  dysfunction.  How- 
ever, the  presence  of  such  a  structure  in  cardiospasm  is  the  exception  rather  than 
the  rule.  In  a  typical  ca.se,  onh'  a  .short  .segment  immediately  proximal  to  the 
stomach  A\-ith  a  characteristic  beak-.shaped  configuration  is  noted. 

The  roentgen  ob.ser^•ations  described  above  appear  consistent  with  the  ob.ser- 
A'ations  of  pre.ssure  changes  in  the  distal  e.sophagus  and  esophagogastric  region 


gastroesoi'ha<;kai,  vkstiiu-lk  on  hokntcjkn  kx \mi\ viion  H)7 


Fig.  27.  Four  views  of  the  di.'Jtal  esophagus  in  a  patient  with  cardiospasm.  A  small  sac 
with  a  constriction  at  either  end  and  a  variable  configuration  is  seen  just  above  the  hiatus. 
The  constriction  at  the  proximal  end  may  represent  the  inferior  esophageal  sphincter.  The 
constriction  at  the  distal  end  is  considerably  longer  and  presumablv  includes  the  region  of 
the  so-called  cardiac  sphincter. 


recorded  under  u  \'ariety  of  condition.s  (15-19).  Studies  of  pressure  changes  have 
the  advantage  that  the  re.sting  or  interval  state  can  be  observed  prior  to  swallow- 
ing and  reflex  effects  of  the  pharyngeal  phase  of  deglutition  on  the  distal  esopha- 
gus may  be  recognized.  This  can  rarely  be  demonstrated  by  roentgen  examina- 
tion (Fig.  28).  The  vestil)ule  appears  to  correspond  to  the  "high  pressure  zone" 
which  normally  includes  an  area  both  he\o\v  and  above  the  hiatus  of  the  dia- 
phi-agm  (20).  This  zone  has  also  been  referred  to  as  the  gastroesophageal  sphinc- 
ter or  the  A-estibular  sphincter.  The  use  of  the  term  '•vestibular  sphincter"  for 
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Fig.  28.  K.  A.  Selected  frames  from  a  movie  .sequence  showing  abrupt  rela.vation  of  a 
segment  about  2  cm.  in  length  which  traverses  the  hiatus.  This  segment  presumably  corre- 
sponds to  the  vestibule  in  its  normal  location.  In  frame  1,  the  barium  column  is  delaj  ed  by 
the  contracted  vestibule.  With  resumption  of  swallowing,  the  vestibule  abruptly  relaxes, 
barium  squirts  from  the  stomach  into  the  lower  part  of  the  vestibule  (frame  2)  and  then 
the  barium  column  becomes  continuous  as  it  freely  enters  the  stomach  (frame  3j.  Frame  4 
demonstrates  that  the  hiatus  is  unusualh-  wide  in  this  patient  (hiatal  insufficiency?). 

this  entire  region  measuring  two  to  three  centimeters  in  length  is  inconsistent 
with  the  terminolog}^  of  Lerche  who  placed  greater  emphasis  on  sphincteric 
action  at  either  end  of  the  vestibule  and  emphasized  the  unusual  disten>sibility 
of  the  area  between  these  sphincters.  Nevertheless,  the  obser\-ations  recorded  in 
this  report  as  well  as  the  pre.ssure  studies  suggest  that  it  is  more  common  for 
the  entire  vestibule  to  play  the  role  of  a  sphincteric  mechanism  than  one  or 
both  of  its  margins.  From  the  roentgen  point  of  \-iew,  the  term  vestibule  rather 
than  vestibular  sphincter  appears  more  suitable  in  order  to  include  both  the 
contracted  and  relaxed  states  of  this  segment. 

The  function  of  the  A'estibule  during  swallowing  appears  to  be  to  delay,  by 
persistent  contraction,  the  passage  of  swallowed  material  until  the  head  of 
pressure  is  sufficiently  great  to  prevent  reflux.  Contraction  of  the  A-estibule  and/or 
of  the  inferior  esophageal  sphincter  may  prevent  reflux  during  maneuvers  de- 
signed to  induce  regurgitation.  However,  an  extrinsic  mechani.sm  is  also  present 
at  the  level  of  the  hiatus  of  the  diaphragm  which  reenforces  these  functions  and 
may,  under  certain  circumstances,  be  of  greater  importance. 

SUMMARY 

1.  The  terminal  two  or  three  centimeters  of  the  esophagus  may  contract  and 
relax  as  a  unit  independenth^  of  the  adjacent  portions  of  the  esophagus  and 
stomach.  Lerche's  term,  the  A  estibule,  may  be  applied  to  this  segment. 

2.  The  vestibule  as  a  single  di.sten.sible  unit  can  be  obser^-ed  onh-  in  the 
presence  of  a  direct  hernia,  .since,  normally,  the  distal  half  of  the  vestibule  is 
located  in  and  below  the  diaphragm  and  is  therefore  limited  in  distensibility  by 
extrinsic  factors. 

3.  Notches  or  a  .static  ring  may  be  .seen  at  the  distal  margin  of  the  vestibule 
when  the  vestibule  is  herniated  and  distended.  Since  these  notches  indicate  the 
junction  between  the  vestibule  and  the  stomach,  their  presence  above  the  dia- 
phragm is  indicative  of  a  hiatus  hernia. 

4.  Notches  or  a  complete  ring  may  also  be  seen  at  the  proximal  margin  of  the 
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vestibule.  A  ring  in  thi>  location  may  show  iudcpciulciit  contractile  activity 
and  therefore  may  be  equated  with  the  inferior  esophageal  sphincter  of  Lerche. 
However,  except  perhaps  during  regurgitation,  localized  sphincteric  acti\'ity  in 
this  area  is  less  commonly  seen  than  contraction  of  the  x'estibiile  as  a  whole.  The 
description  by  Lerche  emphasized  remarkable  distensibility  of  the  vestibule 
rather  than  the  more  important  functional  aspect  of  contractility. 

5.  The  "high  pressure  zone"  or  "gastroesophageal  sphincter"  or  "vestibular 
sphincter"  described  as  a  result  of  pressure  studies  in  the  esophagogastric 
region  corresponds  to  the  \  estibule  as  described  above. 

G.  In  the  studies  reported,  there  was  little  or  no  evidence  for  the  presence  of 
a  di.screte  sphincter  at  the  distal  margin  of  the  vestibule,  that  is,  at  the  cardia. 
It  is  po.ssible,  ho\ve\-er,  that  the  notches  and  ring  seen  in  this  area  result  from  the 
existence  of  the  specialized  muscle  bundles  designated  in  the  anatomical  litera- 
ture as  the  cardiac  sphincter  or  the  constrictor  cardiae.  The  term  sphincter, 
however,  appears  to  be  a  misnomer. 

7.  The  beginning  of  gastric  mucosa  or  rugae  correponds  sufficiently  well  to 
the  level  of  the  so-called  distal  notches  and  ring  seen  on  roentgen  examination 
to  make  the.se  equiA'alent  criteria  for  the  junction  of  esophagus  and  stomach. 

8.  The  term  phrenic  ampulla  was  introduced  into  the  roentgen  literature  by 
Templeton  to  apph'  to  the  sac-like  collection  of  barium  trapped  above  the  dia- 
phragm in  deep  inspiration.  The  phrenic  ampulla,  however,  is  not  a  unique 
structure  .since  it  has  a  variable  size  determined  by  the  pinchcock  action  of  the 
diaphragm  and  the  progress  of  the  primary  peristaltic  w'ave.  In  the  presence  of 
a  small  direct  hernia,  the  phrenic  ampullae  include  the  vestibule  and  the  her- 
niated portion  of  the  .stomach.  The  term  phrenic  ampulla  as  used  by  radiolo- 
gists should  not  be  confused  with  the  original  anatomical  description  which 
presumably  included  features  currently  ascribed  to  the  "vestibule". 
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This  is  a  preliminary  report  of  a  new  neuro-radiologic  procedure  for  tlie 
demonstration  of  abnormalities  in  the  posterior  fossa  when  pneumoencephalog- 
raphy is  not  diagnostic.  We  have  been  able  to  fill  the  fourth  and  third  ventricles 
with  Pantopaque®  instilled  by  a  lumbar  puncture.  For  convenience  we  call  this 
procedure  a  REG  or  rhomboencephalogram. 

Positive  contrast  studies  of  the  ventricles  with  Lipiodol"  and  recently  with 
Pantopaque®  have  been  useful  for  many  years.  All  studies  pul)lished  in  the 
past  twenty  years  hiwc  used  the  burr-hole  direct  ventricle  approach  to  achieve 
internal  filling. 

In  1923  Sicard  (1)  in  France,  using  light  and  heavy  Lipiodol®,  described 
in  detail  x-ray  studies  of  the  spinal  canal.  He  noted  casually  that  occasionally 
Lipiodol®  (the  form  that  was  lighter  than  spinal  fluid)  would  rise  into  the  ven- 
tricles giving  excellent  definition  of  their  anatomy.  He  mentioned  that  this 
might  be  a  better  method  than  Dandy's  comparatively  new  techniciue  of  pneumo- 
encephalographjr;  however  this  observation  was  not  followed  up. 

In  1930,  Balado  (2),  an  Argentine  neuro.surgeon,  reported  90  cases  of  ventiicu- 
lar  study  in  which  Lipiodol®  was  instilled  by  burr-hole  and  ventricular  puncture. 
In  1938,  Reeves  (3),  in  a  review  of  Thorotrast®  studies,  mentioned  that  Thoro- 
trast®,  if  instilled  in  the  spinal  canal  would  rise  into  the  ventricles  and  give  some 
information.  Because  of  the  fear  of  reaction  to  Thorotrast®  this  was  not  con- 
tinued. 

For  the  past  ten  years  Pantopaque®  has  been  widely  used  by  neurosurgeons 
for  po.sitive  contrast  ventriculograms.  Articles  by  Bull  (4)  and  Horowitz  (5)  have 
emphasized  the  low  incidence  of  morbidity  and  the  excellent  studies  of  the  third 
and  fourth  ventricles. 

In  our  hands  the  pneumoencephalogram  is  an  excellent  procedure  for  demon- 
strating posterior  fossa  ma.s.ses.  In  all  cases  with  .suspected  posterior  fossa 
pathology,  with  or  without  papilledema,  pneumoencephalography  is  done  with 
little  morbidity  and  no  mortality.  Using  standard  techniques  we  usually  fill  the 
third  and  fourth  ventricle  and  the  variou.s  cisternae  of  the  region.  Frequently 
there  is  difficulty  in  interpretation  of  the  films  because  of  confusing  air  shadows 
from  cisternae  which  superimpose  on  the  ventricles.  This  is  particularly  true  of 
the  posterior-anterior  projection,  in  which  outlines  of  the  cisterna  magna,  third 
\'entricle,  fourth  ventricle,  \allecula,  and  the  interpeduncular  cisterna  may  be 
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TABLE  I 

Successful  ventricular  filling 


Pt. 


Diagnosis 


55M    Syringomyelia  (unverified) 

Klip])ol-F(;il  doformit}' 
59M    Amyotroj^ic  Lateiiil  Scle- 
rosis Syndrome 
55M  1  Cervical  Mj-eloijatliy  (un- 

j  verified) 
67F  1  Cerebellar-Pontine  Angle 
Neurinoma  (verified; 


29F     Cerebellar-Pontine  Angle 
j     Neurinoma  (verified) 

58M  j  Cerebellar-Pontine  Angle 
Neurinoma  (verified) 

40M  !  Cerebellar-Pontine  Angle 
Neurinoma  (unverified; 

55F  !  Posterior  fossa  disease  ? 

metastatic  (unverified; 


17F 


40M 


36F 


7M 


70F 


60F 


Posterior  fossa  disease  ? 
neoplasm  (unverified) 


Brain  stem  vascular  dis- 
ease (unverified; 


?  Cervical  mjelopathj-, 
brain  stem  disease 
(cause  unknown ; 

Posterior  fossa  tumor  (un- 
verified; 


Cerebellar-Pontine  Angle 
Neurinoma  (unverified) 
Cerebral  tumor  (unverified) 


PEG 

REG 

Comment 

JNO 

les 

Normal  fourth  ventricle  and 

posterior  cisternae 

X  es 

Normal  Study. 

les 

Normal  Study. 

Yes 

Yes 

*  PEG  was  equivocal,  whereas 

REG  was  considered  abnor- 

mal. Operation  verified  the 

tumor. 

I  613 

ICS 

The  shift  of  the  fourth  ventricle 

seen  in  the  I'EG  was  verified 

Dy  ine  i\tL,yj  (rig-  i;. 

IN  O 

i>  o 

Normal  cisternae 

I  es 

16S 

Ihe  PJiiO  was  equivocal,  the 

RT'..G  shows  a  definite  shift  of 

the  fourth  ventricle.  (Fig.  2; 

I  es 

JNO 

PEG  was  normal.  We  were  un- 

able to  fill  the  ventricles  with 

Pantopaque'.  The  6  cc.  used 

may  have  been  an  in.sufficient 

amount. 

I  es 

i  es 

*  Both  studies  were  thought  to 

show  bowing  back  of  the  aque- 

duct  and    fourth  ventricle. 

The    REG    shows  excellent 

definition  of  the  fourth  ven- 

tricle (Fig.  3-4;. 

I  es 

iS  0 

Again  6  cc  of  Pantopa(jue~'  was 

unsuccessful  in  a  patient  with- 

out a  neoplasm.  More  Panto- 

paque"*  wa.s  needed. 

X  es 

Normal  study. 

les 

X  es 

1  ne    I          was  consiuereti 

equivocal   whereas  the  REG 

showed  that  the  fourth  ven- 

tricle was  definitely  in  normal 

position. 

Yes 

No 

Unable  to  fill  ventricles  on  two 

attempts. 

No 

No 

*  REG  shows  definite  hernia- 

tion of  the  cerebellar  tonsils. 

(Fig.  5) 

gave  valuable  information  not  gained  in  PEG  in  these  cases. 
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PEG  Ri;r. 

Fig.  1.  Case  (o).  Verified  acoustic  neurinoma.  The  KEG  shows  the  snnie  ilefect  as  seen 
on  PEG.  The  fourth  ventricle  (A)  is  better  defined  liy  the  Pantopaque®  study. 

superimposed.  In  cases  with  large  mastoid  air  eells,  the  fourth  \  eiitricle  is  tlif- 
ficult  to  see  on  a  lateral  \-ie\v,  and  laminographj^,  which  is  not  always  successful, 
must  be  done.  The  superior  definition  made  po.ssible  by  Pantopaciue'^  becomes 
necessary  in  equi\'ocal  cases. 

The  following  techniciue  was  disco\-ered  during  an  attempt  to  \  isualize  the 
posterior  aspect  of  the  foramen  magiuun.  Six  to  nine  cubic  centimeters  of  Pan- 
topaque* is  instilled  into  the  lumbar  subarachnoid  space.  The  needle  is  theii 
removed  and  the  patient  is  placed  on  his  back  with  liis  head  flexed.  He  is  then 
tilted  downward  to  80-90  tlegrees  for  one  minute  and  then  brought  to  70  degrees 
where  lateral  and  anterior-posterior  views  are  taken  without  fluoroscopy.  If  the 
films  are  satisfactory  the  patient  is  placed  in  the  erect  position  for  five  minutes. 
Pantopa(iue®,  which  leaves  the  \  entricles  in  minutes,  is  then  remo\-ed  f rom  the 
lumbar  I'egion.  There  usually  are  a  few  droplets  of  Pantopaque-  left  in  the 
ambient  or  pontine  ci.^ternae.  The  entire  procedure  takes  approximately  twenty 
minutes. 

Aside  from  \  entricular  filling  we  get  excellent  definition  of  the  po.-^terior  aspect 
of  the  foramen  magiuun,  the  posterior  cerebellum,  and  cisterna  magna.  This 
information  may  be  as  \  aluable  as  the  views  of  the  ventricles. 

We  have  stutlied  fourteen  patients  with  this  technicjue.  In  nine  ca.ses  the 
fourth  \-cntricle  was  successfully  filled.  In  all  ca.ses  we  recei\efl  information 
(sometimes  valuable)  of  the  anatomy  of  the  posterior  cisternae.  Most  of  our 
cases  had  pneiunoencephalography  befoie  the  stud}'.  In  one  case,  in  which  the 
pneumoencephalogram  was  unsuccessful  in  filling  the  internal  structures,  the 
rhomboencephalogram  ga\  e  excellent  definition  of  the  foiu-th  ventricle.  In  three 
cases  in  which  pneiunoencepiialography  was  successful,  the  rhomboencephalo- 
gram was  unsuccessful  in  filling  the  ventricles.  With  more  experienc(>  we  (>xpect 
a  higher  incidence  of  success. 
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Fig.  2.  Case  (7).  Unverified  acoustic  neurinoma.  The  PEG  was  considered  equivocal  be- 
cause the  fourth  ventricle  could  not  be  well  defined.  The  REG  shows  the  fourth  ventricle 
(A)  to  be  shifted  from  right  to  left.  (B)  is  Pantopaque®  in  the  suprapineal  recess. 


PEG  REG 


Fig.  3.  Case  (9).  Unverified  posterior  fossa  neoplasm.  The  PEG  shows  bowing  back  of 
the  aqueduct;  however  the  floor  of  the  fourth  ventricle  is  not  well  defined  due  to  the  mas- 
toid air  cells.  REG  shows  excellent  definition  of  the  fourth  ventricle  (A).  The  impression 
into  the  floor  of  the  ventricle  is  unusual  and  probably  is  abnormal. 

The  tonsils,  which  are  not  herniated,  are  well  seen  (B).  Pantopaque*  (C)  represents  the 
interpeduncular  cistern. 

Table  I  gives  a  short  summary  of  our  experience.  Five  cases  (Cases  4,  5,  6,  7, 
13)  of  the  fourteen  were  cerebellar-pontine  angle  neoplasm  suspects,  three  of 
which  have  been  verified  by  operation.  In  three  cases  we  were  able  to  fill  the 
fourth  ventricle.  In  two  cases  (Cases  4,  7),  in  which  the  PEG  showed  equivocal 
shifting  of  the  fourth  ventricle  the  REG  showed  a  definite  abnormaltty.  In  one 
case  (Case  12)  of  suspected  posterior  fossa  neoplasm  the  PEG  showed  a  question- 
able fourth  ventricle  shift,  whereas  the  REG  showed  a  well  defined  normal  mid- 
line fourth  ventricle. 

The  neurosurgical  use  of  Pantopaque®  instilled  directly  into  the  ventricles 
has  not  been  complicated  with  morbidity  (4,  5).  Pantopaque®  arachnoiditis  in 
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Fig.  4.  Case  (9).  Unverified  posterior  fos.sa  neoplasm.  The  pneumoencephalogiani  shows 
various  superimposed  air  shadows  that  make  it  difficult  to  define  the  entire  fourth  ven- 
tricle. 

The  rhomboencephalogram  does  not  give  confusing  shadows  as  the  fourth  ventricle 
(A)  is  clearly  defined  in  the  midline.  No  definite  abnormality  is  seen  on  the  anterior-poste- 
rior views. 


PEG  REG 


Fig.  5.  Case  (14).  Unverified  neoplasm  of  posterior  corpus  ea'losum.  REG  shows  her- 
niated tonsils  (A)  well  below  the  foramen  magnum.  Pantopaque®  (B)  is  seen  in  both  cer- 
cbellar-pontine  angle  recesses. 
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myelography  has  been  reported  and  if  the  reports  are  correct,  it  is  an  extremely 
rare  complication  (6,  7,  8).  In  our  fourteen  cases  there  was  one  reaction.  This 
patient  had  fever  meningeal  signs,  and  cerebrospinal  fluid  pleocytosis.  The 
spinal  fluid  showed  2500  white  blood  cells,  many  of  these  containing  small 
doubly  refractile  droplets.  His  general  condition  was  unchanged  and  the  menin- 
gitic  signs  and  fever  disappeared  within  a  week.  We  have  observed  similar  re- 
actions with  routine  myelography.  There  were  no  other  reactions  or  sequela 
noted. 

COXCLUSIOX 

The  Rhomboencephalogram  is  a  new  method  of  studj'ing  the  structures  of  the 
posterior  fossa.  Burr-hole  Pantopaque®  ventriculography  has  been  a  A^aluable 
procedure  for  the  past  years.  In  the  event  of  an  equivocal  pneumoencephalogram 
and  the  clinical  suspicion  of  a  posterior  fossa  mass,  we  believe  a  rhomboencephalo- 
gram is  indicated.  Burr-hole  ventriculography  can  now  frec[uently  be  avoided 
for  positive  contrast  studies  of  the  fourth  and  third  ventricles.  The  procedure  is 
also  useful  in  outlining  the  posterior  foramen  magnum  and  lesions  associated 
with  this  region  such  as  neoplasms,  Arnold-Chiari  malformations  and  tonsilar 
herniation. 

Further  studies  are  in  progress  to  expand  the  usefulness  and  ease  of  the  pro- 
cedure. 
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POSTERIOR  MEDIASTINAL  PARATHYROID  ADENOMA 


JOHN'  H.  GARI-()("K,  .M.IJ. 
New  York,  N.  Y. 

Felix  ■Mancll,  in  1925,  was  the  first  to  deinoiistrate  the  etiological  relationship 
between  the  presence  of  a  parathyroid  adenoma  and  the  symptom  complex  of 
hyperparathyroidism,  or,  as  it  was  popularly  termed,  Von  Reclilingluiusen's 
disease  of  bone.  Following  Mandl's  removal  of  a  parathyroid  adenonia,  clinical 
cure  was  substantiated  by  the  return  of  all  the  preoperati\'e  abnormal  blood 
findings  to  normal  and  by  remineralization  of  all  the  involved  long  bones. 

Since  that  time  a  very  large  experience  with  this  disease  has  accumulated 
throughout  the  world.  In  the  great  majority  of  instances  the  diagnosis  can  be 
made  on  the  basis  of  the  history  of  muscle  weakness,  loss  of  strength,  occasionally 
loss  of  height,  the  characteristic  blood  findings  of  elevated  calcium,  lowered 
phosphorus,  elevated  alkaline  phosphatase,  recurrent  renal  calculi,  roentgeno- 
logical e\  idence  of  bone  cysts  or  marked  demineralization  of  the  long  bones  and 
calvarium  and,  finally  a  marked  negative  calcium  balance  on  controlled  intake 
and  output  studies.  In  the  accumulation  of  this  experience,  there  has  accrued  a 
somewhat  clearer  understanding  of  the  basic  pathological  physiology  of  the 
parathyroid  gland  .system. 

In  the  cour.se  of  a  large  experience  with  the  surgical  therapy  of  this  disease,  we 
have  noted,  in  recent  years,  a  change  in  the  clinical  and  metabolic  characteristics 
of  hyperparathyroidism.  There  have  been  fewer  instances  with  the  characteristic 
bone  findings  and  a  proportionate  increase  in  the  number  of  ca.ses  of  recurrent 
nephrolithiasis.  In  addition,  we  have,  in  recent  years,  seen  a  few  instances  of 
surgically  proven  hyperparathyioidism  without  bone  changes  or  kidney  calculi 
and  minimal  metabolic  abnormalities  as  measured  by  the  usual  tests.  A  few  of 
these  patients  had  major  gastrointestinal  symptoms,  nausea,  vomiting  and 
severe  abdominal  cramps.  There  has  been  one  example  of  parathyroid  p.sychosis, 
admitted  to  the  hospital  too  late  in  the  course  of  the  disease  for  vocovcvy  follow- 
ing remo\'al  of  a  large  adenoma. 

While  in  the  great  majority  of  cases,  the  diagnosis  of  hyperparathyroidism 
could  be  made  on  the  basis  of  hypercalcemia,  hypophosphatemia,  hypercalcuria, 
marked  negative  calcium  balance  and  increased  alkaline  phosphata.se,  a  few 
patients  presented  almost  normal  blood  chemical  determinations.  Attempts  to 
supply  other  methods  to  aid  in  the  diagnosis  under  such  circumstances  have 
given  rise  to  the  calcium  tolerance  and  tubular  reabsorption  of  phosphate  tests. 
More  extended  experience  with  the.se  new  diagnostic  procedures  will  be  needed 
before  their  value  can  be  adecjuately  apprai.sed.  This  lack  of  an  absolutely  re- 
liable diagnostic  test,  has  led  to  the  occasional  need  for  exploration  of  the  neck 
and  mediastinum  to  establish  the  presence  of  a  parathyroid  adenoma. 

While  the  clinician  sometimes  finds  it  difficult  to  make  a  preoperative  diagno.sis 
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Fig.  1.  Diagrummatic  sketch  of  the  route  of  descent  of  the  inferior  parathyroid  bodies. 
In  the  vast  majority  of  instances,  an  inferior  parath3'roid  descends  anterior  to  the  inferior 
thj-roid  artery  and  is  finally  lodged  in  the  anterior  mediastinum.  Rareh',  when  the  para- 
thyroid is  more  posteriorly  located  in  the  neck,  it  may  descend  behind  the  inferior  thyroid 
artery  and  come  to  rest  in  the  posterior  mediastinum,  out  of  reach  through  the  usual  cer- 
vical and  anterior  mediastinotomy  incisions. 

of  h3^perparathyroidism  because  of  the  factors  above  enumerated,  the  surgeon  is 
occasionallj^  confronted  with  the  difficulty  of  locating  the  adenoma  in  spite  of 
the  fact  that  the  diagnosis  is  self  evident.  The  following  case  report  is  an  excellent 
example  of  the  anatomic  vagaries  of  the  parathyroid  bodies.  As  far  as  I  am  able 
to  determine,  there  is  only  one  other  similar  experience,  reported  by  A.  J.  Walton 
in  The  Briti.sh  Journal  of  Surgerj^  for  1931. 


I.S.,  a  man  of  56  years  was  admitted  to  the  medical  service  of  the  hospital  on  October  23, 
1950  with  a  long  history  of  kidne.y  trouble  culminating  in  the  removal  of  several  urinary 
calcidi  by  cystoscojiic  manipulation.  He  had  noted  the  gradual  onset,  .3  months  before,  of 
raijidly  increasing  weakness  in  both  legs  and  upper  extremities  and  marked  loss  of  strength 
of  such  degree  that  he  found  it  difficult  to  walk  more  than  a  few  steps.  During  this  period 
there  had  occurred  a  loss  in  height  of  appro.ximately  3  inches. 

Physical  e.xamination  was  essentially  negative  except  for  a  marked  thoracic  kyphosis 
and  a  barrel-shaped  chest.  Neurological  appraisal  revealed  marked  generalized  weakness 
of  all  muscle  groups. 

Lahoratorij  findings:  Hemoglobin  12.5  gms.  with  normal  white  blood  cell  count.  Urine  on 
man}-  examinations  showed  sp.  gr.  1.010,  after  concentration  to  1.016,  albumin  one  plus, 
occasional  hyaline  and  granular  casts  and  a  markedly  positive  Sulkowitch  test 
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„,     ,  ^  ,  .  Alk.  Phosphatase 

Blood  Calcium  ^mg.  ^)      Phosphorus  img.  To)  (K.  A.  units) 

Oct.  24,  1950  17.1  2  55 

Oct.  26  48 

Nov.  1  15. S  51 

Dec.  12  13.6  1.3  51 

Dec.  13  14.4  1.3  62 

Roentgeaographic  e.xaniinatiou  of  the  long  l)ones  and  skull  revealed  an  extreme  degree 
of  osteoporo.-;is,  compression  of  the  body  of  the  4th  lumbar  vertebra  and  an  irregular  cystic 
lesion  in  the  upper  shaft  of  the  left  tibia.  The  esophagus  was  x-rayed,  but  pressure  defects 
were  not  noted  anywhere. 

With  the  obvious  diagnosis  of  a  parathyroid  adenoma,  operation  was  undertaken  on 
November  7,  1950  under  endotracheal  anaesthesia.  Through  the  usual  collar  incision,  the 
neck  was  thoroughly  e.xjjlored.  Two  small  normal  parathyroid  bodies  were  identified,  but 
no  adenoma  could  be  found.  A  subtotal  thyroidectomy  was  performed  on  the  basis  of  a  pos- 
sible adenoma  being  located  in  the  substance  of  the  thyroid  gland.  When  the  laboratory  re- 
port was  negative  in  this  regard,  an  anterior  mcdiastinolomy  was  carried  out  through  the 
Sauerbrueh  approach.  All  areas  as  far  down  as  the  origin  of  the  aortic  arch  were  thoroughly 
dissected,  including  separation  of  the  mediastinal  pleura  on  each  side.  Xo  adenoma  could 
be  demonstrated.  The  operative  wound  was  closed  to  the  great  disappointment  of  all 
concerned.  The  patient  recuperated  quickly  from  this  extensive  procedure,  but  his  severe 
generalized  weakness  continued  and  the  blood  figures  remained  high. 

A  short  course  of  radiation  therapy  directed  to  the  neck  and  anterior  mediastinum  was 
given  without  demonstrable  favorable  results.  The  patient  went  home  for  a  short  convales- 
cence and  returned  January  IS,  1951  for  another  operation. 

On  January  23,  1951,  the  right  chest  was  opened  after  removal  of  the  sixth  rib.  After 
separation  of  the  incision  with  a  rib  spreader,  there  came  into  view  beneath  the  pleura  a 
bulging  in  the  posterior  mediastinum  immediately  above  the  azygos  vein,  behind  and  to 
the  right  of  the  esophagus  and  vertebral  bodies.  When  the  pleura  over  the  bulge  was  in- 
cised, a  large  fleshy  tumor,  measuring  3  x  1%  x  1  inches  was  easily  dislodged.  A  well- 
defined  vascular  pedicle  extending  upwards  behind  the  esophagus  was  ligated  and  divided 
and  the  tumor  was  removed.  The  pleura  was  resutured  and  the  chest  was  closed  without 
drainage.  Postoperatively,  therapy  included  the  administration  of  calcium  gluconate, 
parathormone,  dihydrotachysterol,  viosterol  and  calcium  lactate.  The  operative  wound 
healed  per  primam  and  the  patient  was  discharged  on  the  tenth  day. markedly  improved, 
especially  from  the  standpoint  of  his  prior  extreme  weakness. 

The  adenoma  weighed  16  grams,  an  unusually  large  one,  and  consisted  mainly  of  chief 
and  clear  cells. 


Calcium  (mg.  %) 
Jan.  24,  1951  10.5 
Jan.  26th  9.3 
Jan.  31st  8.4 
March  1st  at  8.4 
follow-up 

The  blood  figures  postoperatively  were  as  follows: 

During  the  succeeding  few  months,  all  the  preoperative  symptoms  disappeared  and  the 
patient  considered  himself  restored  to  normal  health.  He  has  been  quite  well  ever  since. 

On  October  14.  1952,  the  blood  calcium  was  11.6  mg.,  the  phosphorus  was  3.9  mg.  and  the 
alkaline  pho.sphatase  14K.A.  units.  Roentgen  e.xaraination  of  the  skull,  long  bones  and  spine 
on  October  13,  1952  "showed  a  remarkable  change  since  the  preoperative  films  in  that  the 


.\lkaline  phosphatase 
Phosphorus  (mg.  (K.  A.  units) 

2.7  37 

1.7  25 

3.3  21 

4.6  16.7 
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severe  osteoporosis  was  no  longer  present.  The  large  cystic  area  previously  noted  in  the  left 
tibia  was  now  replaced  by  a  sclerotic  density.  These  films  indicate  complete  healing  follow- 
ing removal  of  the  parathyroid  adenoma." 

SUMMARY 

1.  The  general  problem  of  hyperparathyroidism  is  briefly  discussed. 

2.  A  report  is  made  of  a  patient  with  severe  hyperparathyroidism  due  to  an 
unusually  large  adenoma  located  in  the  posterior  mediastinum  behind  the  esopha- 
gus at  about  the  level  of  the  third  thoracic  vertebra  with  complete  cure  following 
its  removal. 

3.  One  other  instance  of  a  similar  location  has  been  reported  in  the  surgical 
literature. 
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The  surgical  treatment  of  stenotic  or  neoplastic  lesions  of  the  trachea  has  been 
hampered  in  the  past  by  the  inability  to  accomplish  w  ide  excision  of  a  tracheal 
segment  with  successful  primary  restoration  of  continuity.  Many  ingenious  pro- 
cedures (1-14)  for  bridging  large  tracheal  defects  have  been  devised,  including 
various  semi-rigid  prostheses  and  reinforced  auto-grafts.  All  of  these  prosthetic 
operations  are  doomed  to  failure  because  cartilage  does  not  regenerate  around 
the  prosthesis  and  the  new  epithelium  grows  not  on  the  inner  surface,  but  around 
the  outer  surface  of  the  supporting  tube.  As  a  result,  the  polyethylene  or  tantalum 
tube  cannot  be  removed  with  maintenance  of  the  patency  of  the  trachea. 

The  use  of  wire  to  support  dermal  grafts,  or  bronchial  and  aortic  autografts, 
has  all  but  been  abandoned  because  of  the  subseciuent  development  of  strictures 
at  the  line  of  anastomosis. 

The  ideal  method  for  the  surgical  treatment  of  lesions  of  the  trachea  would 
seem  to  be  excision  with  primary  anastomosis,  if  this  were  feasible.  Attempts  to 
obtain  this  objective  date  back  as  far  as  1895,  when  Colley  (15)  excised  three 
tracheal  rings  in  the  human  and  approximated  the  remaining  portions  of  the 
trachea  by  primary  suture.  However,  the  patient  developed  a  stricture  at  the 
site  of  the  anastomosis. 

In  1940,  Taffel  (16)  excised  windows  from  the  wall  of  the  trachea  and  securely 
sutured  patches  of  fa.scia  over  these  defects.  Tracheal  mucosa  covered  the  win- 
dows and  the  patency  of  the  lumen  was  maintained. 

In  an  experimental  study  in  the  dog,  T.  L.  Jackson  (17),  in  1949,  reported  good 
results  with  primary  anastomosis  after  excision  of  a  small  segment  of  the  trachea, 
provided  he  used  a  cuff  resection  with  mattress  everting  sutures.  Maisel  and  Ding- 
wall (18),  in  1950,  removed  up  to  2.5  cm.  of  the  dog's  trachea  and  successfully 
obtained  primary  anastomosis. 

In  1950,  Ferguson,  Wild  and  Wangensteen  (19)  presented  documented,  experi- 
mental e\-idence  of  the  feasibility  of  primary  tracheal  anastomosis  in  dogs.  They 
proved  that  permanent  elongation  of  the  trachea  could  occur  and  that  more 
length  could  be  exci-sed  in  staged  operations  than  in  one  procedure.  They  demon- 
strated that  severe  stenosis  occurred  in  all  attempts  at  tracheal  reconstruction 
by  means  of  grafts,  but  that  stricture  need  not  result  in  end-to-end  anastomosis. 

From  the  Departments  of  Otolaryngology  and  Siirger\'.  The  Mount  Sinai  Ho.spital, 
New  York,  X.  Y. 
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Rob  and  Batemau  (2),  in  1952,  stated  that  end-to-end  anastomosis  in  the 
human  trachea  is  impossible  after  removal  of  more  than  2  cm.  of  its  length.  In 
1953,  Kurlieck  and  Merendico  (20)  resected  four  to  ele\en  tracheal  rings  in  the 
dog  and  reconstructed  the  proximal  and  distal  portions  of  the  trachea  by  primary 
anastomosis.  In  all  instances,  however,  the  sutures  tore  through  because  of  the 
resultant  ten.-^ion.  In  1954,  Pacheco  (13)  tried  to  obtain  primary  anastomosis  in 
the  dog's  trachea.  He  attempted  to  prevent  .stenosis  by  means  of  a  U-incision, 
and  the  use  of  steel  sutures.  All  the  dogs  died  due  to  disruption  of  the  suture 
line. 

Abbott  (21),  in  1955,  succes.sfully  implanted  the  human  main  bronchus  into 
the  trachea  after  the  partial  exci.sion  of  a  segment  of  the  trachea.  In  1957,  Barclay, 
McSwan  and  Welsh  (22)  performed  tracheal  reconstruction  without  the  use  of 
grafts.  They  found  tliat  (jiily  2  cm.  of  trachea  could  be  re.sected  and  end-to-end 
anastomosis  achie\'ed. 

We  have  attempted  to  study  the  difficulties  and  limitations  of  primary  tra- 
cheal anastomosis,  and  to  learn  how  these  might  best  be  overcome.  Previous 
experimental  evidence  has  demonstrated  that  stricture  formation  and  leakage 
of  air  at  the  suture  line  may  be  avoided  by  performing  a  cuff  anastomosis  using 
meticulously  placed  everting  sutures.  Discrepancy  in  the  diameter  of  the  proximal 
and  distal  segments  of  the  remaining  trachea  can  be  dealt  with  by  suturing  the 
membranous  posterior  wall  first,  and  then  approximating  the  ligid  cartilaginous 
anterior  and  lateral  walls.  At  least  one  recurrent  laryngeal  nerve  must  be  pre- 
served. Also,  the  blood  supply  of  the  trachea,  which  stems  from  the  esophagus, 
must  not  be  compromised  or  stripped  from  the  remaining  tracheal  segments. 

These  precautionary  measures  notwithstanding,  there  still  remains  the  serious 
problem  of  tension  when  one  attempts  to  approximate  the  transected  ends  of 
trachea  after  excision  of  a  wide  .segment.  The  trachea  is  a  relative!}'  fixed  organ, 
its  extensibility  limited  by  its  attachment  to  the  larynx  above  and  the  pulmonary 
hilum  below  in  the  mediastinum.  Mobilization  of  the  entire  length  of  trachea 
from  adjacent  structures  adds  but  little  to  its  tractability.  Extension  of  the  head 
upon  the  neck  will  also  increase  the  distance  between  the  cut  ends  of  the  trachea, 
and  thus  complicates  further  the  problem  of  tension  at  the  attempted  anastomo- 
sis. 

The  factor  of  tension  in  the  restoration  of  tracheal  continuity  is  therefore 
directh'  related  to  the  inelasticity  of  the  tracheal  wall  itself.  A  re\-iew  of  the 
gro.ss  anatomy  of  the  trachea  reveals  the  well  known  fact  that  the  rings  of  carti- 
lage comprising  its  anterior  and  lateral  walls  are  snugh'^  bound  together  by  fibrous 
tissue  designated  as  the  annular  ligaments  (Figure  1).  These  vertical  ligaments 
can  be  stretched  but  little,  if  at  all,  so  that  the  trachea  mast  be  regarded  as  a 
longitudinally  inelastic  tubular  structure. 

The  idea  presented  itself  that  additional  length  of  trachea  might  be  attained 
if  the  annular  ligaments  were  circumferentially  inci.sed  down  to  the  underhing 
mucosa.  By  means  of  this  maneu\  er,  and  by  viture  of  the  elasticitj^  of  the  mucosal 
layer  and  the  membranous  posterior  wall  of  the  trachea,  the  spaces  between  the 
cartilaginous  rings  would  be  widened.  Theoretically,  therefore,  tracheal  length 
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Fic.  1.  A.  Trachoa  showing  annular  ligaments  l)pt\veen  the  cartilaginous  tracheal  rings, 
and  the  sejiaration  of  the  rings  after  circumferential  incision  of  the  annular  ligaments  down 
to  mucosa.  B.  Cross  section  of  trachea  showing  antero  lateral  wall  supported  by  cartilagi- 
nous ring  and  membranous  jjosterior  wall  attached  to  the  anterior  wall  of  the  esojihagus. 

fould  thus  l)e  increased  to  a  degree  etiiial  to  the  sum  of  the  additional  distance 
obtained  in  each  interspace  between  the  tracheal  rings. 

Accordingh^  a  segment  of  a  human  trachea  obtained  at  autopsy  was  measured 
after  it  was  stretched  as  much  as  possible  in  its  longitudinal  axis  and  fixed  to  a 
board  In'  pins  (Figure  2).  The  intercartilaginous  aimular  ligaments  were  then 
carefully  incised  circumferentially  down  to  the  mucosa  as  illustrated  in  Figure 
lA,  and  the  tracheal  segment  again  stretched  and  measured  (Figure  3).  It  was 
now  1.6  cm.  longer  than  before. 

Applying  this  techni(iue  in  vivo  in  dogs,  it  was  found  that  sufficient  increase  in 
tracheal  length  could  be  obtained  to  permit  primary  suture  anastomosis,  without 
tension,  following  excision  of  wide  segments  consisting  of  as  manv  as  thirteen 
tracheal  rings. 

The  surgical  procedures  were  performed  tuider  nembutal  anesthesia  adminis- 
tered intravenously.  The  animals  were  placed  flat  in  the  supine  position  with  the 
head  and  neck  maintained  horizontally  upon  the  operating  table  in  the  same 
plane  as  that  of  the  body.  Care  was  taken  to  a\'()id  flexion  or  extension  during 
the  operative  procedure. 

The  cervical  incision  was  made  in  the  mid-line,  extending  from  the  level  of 
the  larynx  to  the  suprasternal  notch.  The  pretracheiU  musculature  was  separated 
also  in  the  mid-line,  ufl'ording  excellent  exposure  of  the  trachea  in  the  neck. 

The  length  of  trachea  to  be  excised  was  then  mobilized  and  separated  from  the 
esophagus,  being  careful  to  avoid  injury  to  the  blood  supply  of  the  remainder  of 
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Fig.  2.  Segment  of  human  trachea  stretched  maximally  in  its  longitudinal  axis. 

the  trachea.  Following  the  excision  of  the  tracheal  segment,  the  annular  ligaments 
between  the  cartilaginous  rings  in  the  trachea  above  and  below  the  transected 
ends  were  incised  as  illustrated  in  Figure  lA.  Usually  five  annular  ligaments  were 
incised  in  the  proximal  portion  of  the  trachea,  and  from  five  to  seven  in  the  distal 
segment.  On  occasion,  one  or  more  small  openings  were  inadvertently  made 
through  the  mucosa  into  the  tracheal  lumen  while  incising  the  annular  ligaments. 
These  were  effectively  sealed,  however,  by  placing  a  small  patch  of  gelfoam  over 
the  openings. 

Following  resection  of  the  tracheal  segment,  it  was  noted  that  the  transected 
ends  of  , the  remaining  upper  and  lower  portions  of  the  trachea  could  usualh^ 
barely  be  drawn  together,  and  then  only  with  great  tension.  However,  when 
increased  length  had  been  attained  by  inci.sing  successive  annular  ligaments, 
approximation  was  usually  accomplished  readily  with  but  little,  or  no  tension. 

In  the  early  stages  of  the  work,  the  anastomosis  was  made  b^'  simple  end-to- 
end  suture  of  the  cut  margins  of  the  posterior  membranous  wall  of  the  trachea, 
and  the  mucosa  adjacent  to  the  opposing  cartilaginous  rings.  Interrupted  4-0 
black  silk  sutures  were  employed  and  were  tied  with  the  knots  on  the  outside. 

The  technicfue  of  anastomosis  was  later  altered  to  prevent  certain  complica- 
tions which  will  be  described  below.  In  every  case,  the  circumference  of  the  suture 
line  was  covered  over  by  a  narrow  strip  of  gelfoam. 

The  wound  was  closed  without  drainage.  Xo  effort  was  made  to  immobilize 
the  head  and  neck  post-operatively.  With  one  inadvertent  exception,  all  the  ani- 
mals recei\'ed  penicillin  intramuscularly  for  several  days  following  operation. 

Following  the  occurrence  of  moderate  narrowing  at  the  anastomosis  in  one 
dog,  and  marked  stricture  in  another,  the  method  of  suture  was  changed.  This 
consisted  of  placing  the  silk  sutures  in  mattress  fashion  so  as  to  evert  the  tissues 
at  the  line  of  union. 

In  addition,  the  use  of  a  short  length  of  polyethylene  tubing  was  tried  in  two 
experiments,  with  the  purpose  of  splinting  the  anastomosis.  A  7  cm.  segment 
of  polyethylene  tubing,  of  the  caliber  of  the  tracheal  lumen,  was  placed  in  the 
trachea  at  the  level  of  the  anastomosis,  and  fixed  by  a  silk  suture  at  either  end. 
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Fig.  3.  Tracheal  sofjmciit  show  n  in  Fijiurc  2.  clongiiteil  I'dHou  iiif;  circumferential  in- 
cision of  the  annuhir  ligaments  down  to  mucosa,  with  separation  of  the  intercartihiginous 
.spaces. 

One  dog  died  on  the  day  toUowiiig  operation.  At  neerop.sy,  tlie  tube  was  found  to 
ha\-e  become  dislodged  upward  into  the  larynx.  The  second  dog  died  on  the  third 
day.  Autopsy  re^■eal('d  dislodgement  of  the  tube,  necrosis  and  dehiscence  at  the 
anastomosis  and  peritracheal  infection  with  formation  of  an  abscess  at  this  site. 

For  the  most  part,  the  everting  anastomotic  sutures  were  placed  only  through 
the  apposing  soft  ti.ssues.  On  occasion,  however,  two  or  three  silk  .stitches  were 
passed  to  include  the  edges  of  the  approximated  tracheal  ctu'tilages.  lu  one  in- 
stance, supplementary  fine  #36  stainless  steel  wire  sutures  were  so  employed, 
and  in  another  two  fine  wire  sutures  were  passed  around  the  two  apposing  rings. 
It  was  felt,  howe\-er,  thtit  these  wire  sutures  were  not  necessary  to  insure  success- 
ful approximation  and  healing. 

The  most  sati.'^factorv  aiiastomo.ses  appeared  to  be  those  in  which  the  mucosa 
and  the  membranous  portion  of  the  trachea  h;id  been  well  everted  as  a  cuff  by 
mattress  silk  sutures,  with  or  without  the  use  of  supplementary  sutures  through 
the  edges  of  the  apposing  cartilages.  Sufficient  muco.sa  to  permit  fashioning  of 
the  cuff  can  readily  be  obttiined  hy  di.ssecting  this  layer  from  beneath  the  most 
proximal  and  the  most  distal  ring  of  the  tracheal  segment  to  be  excised. 

The  present  communication,  preliminary  in  nature,  is  concerned  with  the  ex- 
perience of  the  authors  in  performing  wide  segmental  tracheal  resection,  with 
primary  suture  anastomosis,  in  18  dogs.  The  segments  of  the  trachea  which  were 
excised  consisted  of  from  9  to  13  cartilaginous  rings. 

There  were  three  post-operative  faihncs.  Two  of  these  were  the  instances, 
noted  above,  in  which  a  polyethylene  tut)e  splint  was  used.  In  the  third,  the  dog 
died  on  the  sixth  day  post-operati\ely.  Necropsy  re\'ealed  the  presence  of  peri- 
tracheal infection  about  the  anastomotic^  area.  Although  the  siitiu'e  line  was  not 
separated,  no  healing  had  taken  place,  and  the  anastomosis  came  apart  during 
the  autop.sy  dissection.  It  was  in  this  case  that  prophylactic  postoperative  anti- 
biotic therapy  had  been  inadvertently  omitted. 

Stricture  developed  in  one  dog.  During  the  seventh  week  following  operation, 
it  was  noted  that  the  animal's  breathing  was  accompanied  by  stridor.  Broncho.s- 
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copy  was  performed,  and  a  marked  stricture  was  seen  at  the  site  of  anastomosis. 
Death  occurred  a  few  days  later  (on  the  o3rd  day  post-operatively)  and  this 
finding  was  corroborated  at  autopsy  (Figure  4). 

Moderate  narrowing  causing  reduction  of  about  one  third  of  the  tracheal 
lumen  at  the  anastomotic  site  was  found  at  autopsy  in  one  dog  that  died,  ap- 
parently of  pneumonia,  on  the  37th  day  post-operati\ely. 

Four  dogs  died  on  the  6th,  14th,  15th  and  23rd  days  respectively  after  opera- 
tion. At  necropsy,  the  anastomoses  were  all  intact.  The  lungs,  however,  showed 
patchy  areas  of  pneumonic  infiltration.  It  was  thought  that  this  complication 
might  have  been  due  to  aspiration  of  blood  and  secretions  at  the  time  of  operation 
and  during  the  post-operative  period. 

The  remaining  nine  dogs  did  well.  These  were  followed  for  41,  98,  105,  119, 
126,  138,  225,  229  and  132  days  respectively.  The  latter  dog  was  studied  again 
after  a  period  of  two  and  a  half  years  had  elap.sed  since  the  operation. 


Fig.  4.  A.  Autopsy  specimen  of  trachea  showing  post -operative  stricture  at  site  of  ana- 
stomosis, as  seen  from  within  the  opened  trachea.  B.  Stricture  as  seen  in  on-end  view  of 
lumen  of  the  unopened  trachea. 
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To  (lotenniiic  tlH>  comlitioii  ol  tlio  trachea  and  the  anastomosis,  bronchoscopy 
was  (h)ne  in  all  cases  at  the  tinu's  specified,  followed  l)v  roentgenographie  ex- 
amination. The  tracliea  was  viewed  in  its  antero-posterior  and  lateral  projections, 
tlie  studies  being  mad(>  with  air  contrast  techniiiue  and  after  instillation  of  radio- 
opaciue  iodized  oil.  With  tlu>  (xception  of  the  dog  so  examined  on  the  l.Tind  day 
post-oix'rative,  the  animals  were  then  sacrificed  and  autop.sy  performed.  In  all 
of  them,  the  tracheal  anastomoses  were  well  healed,  and  without  stricture.  The 
spaces  between  the  cartilaginous  rings,  where  the  amuilar  ligaments  had  been 
incised,  were  noted  to  be  filled  in  by  fibrous  .scar  tissue.  These  findings  are  exem- 
plified by  the  antemortem  tracheogram  and  the  necrop.sy  specimen  in  a  dog  e.x- 
amined  on  the  12(>tli  day  following  the  operation  (Mgures  5  and  (i). 

The  animal  that  was  examined  on  the  f32nd  day  was  further  followed  and 
re-examined  at  two  and  a  half  years  post-operatively.  The  bronchoscopy  and 
traeheograms  were  repeat etl,  the  dog  was  then  sacrificed,  and  studied  at  autopsy. 
The.se  examinations  .showed  the  operative  procedure  to  have  been  anatomically 
and  finictionally  succes.sful. 


ViG.  5.  Lateral  view  roentgenogram  of  trachea  of  dofi  made  126  days  following  opera- 
tion, using  iodized  oil  a.<  contrast  medium.  Note  minimal  deformity  at  anastomotic  site 
and  adequate  tracheal  lumen. 
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Two  tracheal  specimens,  which  were  obtained  from  the  dogs  sacrificed  at  138 
days  and  2}/^  years  respectively  following  the  operation,  were  examined  micro- 
scopically. It  was  found  that  healing  at  the  suture  anastomosis  was  complete.  The 
cartilaginous  rings  of  the  transected  ends  of  the  trachea  were  held  in  close  apposi- 
tion by  partially  hyalinized  fibrous  tissue,  and  the  mucosal  epithelium  was  noted 
to  have  grown  over  the  suture  line. 

The  contrast  medium  for  the  tracheograms  in  the  latter  cases  of  the  series 
consisted  of  barium  powder  insufflated  into  the  trachea  through  the  broncho- 
scope. The  powder  adhered  to  the  moist  mucosal  lining  of  the  trachea,  affording 
excellent  contrast  in  the  roentgenograms. 

The  experimental  protocols,  the  roentgen  examinations,  and  the  gro.ss  and 
microscopic  studies  in  this  work  will  be  presented  in  detail  in  a  future  communica- 
tion. 


Fig.  6.  Xecropsj^  specimen  of  trachea  shown  in  Figure  5.  Note  the  normal  tracheal  con- 
tour, and  the  intercartilaginous  spaces  filled  in  b>-  fibrous  tissue. 
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DISCUSSION 

It  has  been  deinonstrated  experimentally  in  dogs  that  a  wide  segment  of  tlie 
trachea,  consisting  of  from  nine  to  thirteen  tracheal  rings,  can  be  resected  in 
one  stage,  with  successful  accomplishment  of  primary  end-to-end  suture  anasto- 
mosis. 

The  major  obstacle  heretofore  encountered  which  has  resulted  in  failvwe  of 
healing,  and  disruption  of  the  suture  line,  has  been  the  marked  tension  recjuired 
to  bring  together  and  hold  the  remaining  tracheal  segments. 

A  technique  is  described  whereby  the  normally  inelastic  trachea  can  be  elon- 
gated .sufficiently  to  permit  approximation  without  tension  of  the  transected 
ends  of  this  tubular  structure  following  excision  of  a  wide  segment.  The  method 
consists  of  making  circumferential  inci.sions  in  the  inelastic  aiuiular  ligaments 
which  bind  together  the  cartilaginous  rings  of  the  tracheal  wall.  Increase  in 
tracheal  length  is  obtained  by  virtue  of  the  normal  elasticity  of  the  underlying 
mucosal  layer,  and  of  the  meml^ranous  posterior  wall  of  the  organ. 

Errors  in  operative  technique  which  cau.sed  failures  early  in  the  work  ha\-e  been 
described.  Intraluminal  splinting  of  the  anastomosis  by  means  of  an  indwelling 
polyethylene  tube  is  apparently  not  only  imnecessary,  but  .seems  to  be  actually 
harmful.  Stricture  formation  can  be  avoided  by  constructing  the  anastomosis 
with  mattress  sutures  which  e\ert  the  tissues  in  the  manner  of  a  cuff.  As  in  in- 
testinal surgery,  it  is  important  to  insure  proper  healing  at  the  anastomosis  by 
a\  oiding  exce.s.sive  mobilization  of  the  organ  and  impairment  of  its  blood  supply. 

The  authors  are  of  the  opinion  that  the  attainment  of  successful  tracheal  anas- 
tomosis following  wide  segmental  resection  may  now  be  uniformly  anticipated, 
since  it  is  po.ssible  to  obviate  tension  at  the  line  of  suture  by  means  of  the  method 
described. 

It  is  hoped  that  this  procedure  may  find  clinical  application,  and  permit 
adequate  extirpative  surgical  therapy  of  various  lesions  of  the  trachea  in  the 
human  subject.  Should  such  an  opportunity  present  itself,  it  is  planned  to  employ 
complementary  tracheostomy,  through  which  tracheobronchial  secretions  may 
be  aspirated  to  prevent  post-operative  atelectasis  and  pneumonia.  Drainage  of 
the  operative  area  would  also  be  in.stituted  to  reduce  the  possibility  of  peri- 
tracheal and  wound  infection. 
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HAROLD  SPKKUT,  .M.D. 
Xew  York.  .V.  Y. 

A  myriad  of  factors  affect  conception  l)ut  only  a  few  are  understood  suffi- 
ciently to  merit  investigation  in  the  routine  clinical  study  of  infertility.  Of 
transcendent  importance  are  the  anatomical  pathways  that  must  he  pursued  by 
the  egg  and  sperm  until  their  miptial  tryst  in  the  fallopian  tube  and  by  the 
fertilized  ovum  in  the  subsetiuent  journey  to  its  uterine  haven.  Tubal  obstruction 
is  one  of  the  commonest  causes  of  infertility  and  one  of  the  few  demonstrable 
barriers  to  conception  amenable  to  correction.  "A  plug  of  hardenetl  mucus  of 
the  most  insignificant  character — the  merest  debris  of  the  Fallopian  se<'retion — 
may  cut  off  an  illusti'ious  race,  or  change  a  dynasty."  Thus  wrote  Tyler  Smith 
(1)  more  than  one  century  ago,  when  he  propo.sed  catheterization  of  the  oviducts 
with  a  curved  metal  tube  and  fine  whalebone  bougie. 

The  office  diagnosis  of  tubal  patency  or  oiistruction  l)efore  World  War  I 
depended  on  the  clinical  acumen  of  the  physician,  and  was  hence  .subject  to 
frequent  error.  Discussing  diseases  of  the  adnexa  as  a  cau.se  of  sterility  in  the 
female,  Howard  Kelly  wrote  in  his  Medical  Gynecology  (2),  pul)li.shed  in  1908: 
''This  is  an  interesting  group  of  ca.ses  belonging  to  a  class  which  are  peculiarly 
difficult  to  investigate  on  account  of  the  inacces.sibility  of  the  organs,  namely, 
those  cases  in  which  the  sterility  is  due  to  di.sease  of  the  uterine  tul)es  or  the 
ovaries.  It  is  because  it  is  difficult  to  get  at  these  organs  and  therefore  to  obtain 
an  accurate  knowledge  of  their  condition  that  they  are  freciuently  forgotten  in 
the  clinical  examination."  Some  gynecological  texts  of  the  late  nineteenth  cen- 
tury failed  even  to  mention  the  fallopian  tubes  in  their  discussion  of  female 
sterility. 

"The  determination  of  patency  of  the  fallopian  tubes,"  Rubin  wrote  later  (3), 
"has  hitherto  been  pos.sible  only  l)y  direct  inspection  and  palpation  obtained 
by  laparotomy.  Physical  examination  was  wholly  inadeciuate  because  it  still 
left  the  question  of  patency  a  matter  of  speculation.  This  is  especially  true  when, 
as  in  certain  instances,  the  tubes  are  sealed  tight  at  their  fimbriated  end,  although 
no  distention  of  the  lumen  is  present.  In  other  instances  it  is  hard  to  diagno.se 
occlusion  of  the  tube  due  to  hydrosalpinx  when  the  walls  are  fiaccid.  Some  tubes 
are  closed  by  adhesions  secondary  to  a  peritonitis  that  arises  outside  of  the 
gynecological  tlomain.  Xo  matter  how  clear  the  history,  the  (juestion  as  to 
whether  such  a  tube  is  patent  or  not  is  always  a  matter  of  doubt.  The  same 
holds  true  in  cases  in  which  the  tube  may  be  occluded  by  a  tumor." 

The  problem  had  already  been  outlined  by  Carey  (4)  in  similar  terms:  "In 
taking  up  the  question  of  sterility  in  the  individual  case  we  can  seldom  feel  that 
our  diagnosis  is  accurate  or  an3'  prognosis  warranted  because  of  our  inability  to 

*  This  article,  adapted  from  a  chapter  in  the  forthcoming  book,  Obstetric  and  Gynecologic 
Milestones  (The  MacmiUan  Co.),  is  published  separately  here  in  honor  of  Dr.  Rubin's 
sevent y  fif t h  l)i rt  hday . 
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Fig.  1.  It^idor  Clinton  Rubin  (1883-  ). 


determine  if  the  tubes  are  obstructed.  An  occasional  case  presents  a  history  of 
tubal  infection  with  signs  of  diseased  adnexa  so  e\adent  that  a  temporary  un- 
favorable prognosis  is  warranted.  Other  frank  lesions  may  be  present  which 
prevent  fertility.  ]\Iore  frequently,  however,  we  are  consulted  by  the  patient 
who  has  no  reason  to  suspect  pelvic  disease  and  in  whom  we  find  no  gross  le- 
sion. ...  If  in  this  large  group  of  causes  of  sterility  we  can  now  bring  to  bear 
definite  knowledge  regarding  the  patency  of  the  tubes,  the  most  important 
single  factor  is  determinable  so  far  as  the  woman  is  concerned.  An  intelligent 
prognosis  may  be  given." 

Independently  of  each  other  Carey  and  Rubin  (5,  6)  carried  out  experiments 
in  1914,  the  results  of  which  were  published  almost  simultaneously,  outlining 
the  uterine  and  tubal  lumens  with  the  radiopaque  silver  colloid,  coUargol.  This 
substance  proved  objectionably  irritating  to  the  tissues,  however,  and  was  soon 
abandoned  in  the  search  for  a  suitable  method  for  testing  tubal  patency. 

Air  insufflation  of  the  fallopian  tubes  was  first  suggested  in  1849,  by  the 
Revue  Medico-Chirurgicale  de  Paris  (7),  in  an  editorial  on  Tyler  Smith's  cath- 
eterization procedure.  "After  all,"  the  reviewer  wrote,  "even  if  catheterization 
proves  impossible,  should  the  therapeutic  idea  be  lost,  and  could  one  not  try  to 
open  up  the  tube  by  means  of  an  injection  of  water  or  air  as  is  done  with  the 
Eustachian  tube?  Liquid  injections  that  have  sometimes  been  made  into  the 
tube  have  caused  serious  accidents;  but  these  were  irritating  injections,  and  pure 
water  would  not  necessarily  produce  the  same  effect.  There  should  be  no  objec- 
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tiou  to  stai'tiiij^;  with  injections  of  air,  which,  as  cxperinu'iitation  has  shown,  can 
be  made  into  the  serous  cavities  without  the  least  inconvenience." 

Not  until  seventy  years  later,  on  November  '.i,  1919,  was  tubal  insufilation, 
the  first  Rubin  test,  actually  performed,  oxygen  being  used  as  the  test  mediiun. 
As  Rubin  later  recalled  this  experiment  (8):  "The  (juantity  was  measured  roughly 
by  gauging  the  luunber  of  bubbles  passing  through  the  wash  bottle  per  minute. 
The  intrauterine  pressure  was  not  controlled  by  a  manometer;  the  gas  was 
allowed  to  enter  the  peritoneal  cavitj''  until  a  moderate  amount  of  visible  ab- 
dominal distention  resulted.  .  .  .  Theoretically  we  expected  to  see  the  abdominal 
wall  rise  in  ca.se  the  oxygen  gas  succeeded  in  gaining  access  through  open  tubes 
into  the  abdominal  caxitj'.  Tho.se  were  indeed  ten.se  moments  as  [the  phJ^si- 
cians]  .  .  .  who  happened  to  be  present,  were  ob.serving  this  first  patient  through 
whose  uterus  I  ventured  to  insufflate  oxygen.  The  actual  rise  of  the  abdominal 
wall  was  corroborated  by  everyone  present.  This  constituted  first-hand  proof 
that  the  oxygen  actually  pas.sed  through  the  tubes  and  into  the  peritoneal 
cavity.  Nevertheless  it  was  deemed  nece.ssary  to  establish  the  presence  of  the 
oxj'gen  gas  in  the  abdominal  cavity  by  subjecting  the  patient  to  fluoroscopy 
and  radiography.  In  every  respect  the  x-ray  evidence  was  the  same  as  that  which 
was  obtained  when  oxygen  had  been  introduced  into  the  peritoneal  cavity  by 
direct  abdominal  puncture. 

"The  patient,  having  been  insufflated  with  several  liters  of  o.xygen,  was 
comfortable  in  the  recumbent  posture,  but  we  noticed  that  she  had  great  epi- 
gastric distress  and  severe  shoulder  pains  when  she  stood  up  before  the  radio- 
.scopic  screen.  She  was  kept  on  her  back  for  a  little  while  and,  as  she  was  ambula- 
tory, she  was  brought  home  about  one  hour  later  and  put  to  bed  with  the  foot 
of  the  bed  elevated.  This  gave  her  tolerable  comfort.  The  discomfort  rapidly 
disappeared  so  that  at  the  end  of  the  third  day  she  was  able  to  report  to  the 
x-ray  department  complaining  only  of  slight  unea.siness  in  the  .shoulder  regions. 
A  small  amount  of  oxygen  was  still  present  under  the  diaphragm.  The  patient 
became  gravid  within  two  months  after  the  insufflation  and  was  delivered  of  a 
full-term  baby." 

Rubin  reported  his  discovery  in  a  preliminary  note  to  The  Journal  of  the 
American  Medical  Association  (9)  and  presented  the  results  of  his  further  experi- 
ments before  the  Section  on  Obstetrics,  G.ynecology  and  Abdominal  Surgery  of 
the  A.M.A.  on  April  29,  1920  (3).  His  description  of  the  techni(iue:  "The  cervix 
is  exposed  by  means  of  the  speculum;  the  vagina  is  carefully  wiped  clean  and 
the  cervix  is  cleansed  dry  and  painted  with  tincture  of  iodin.  If  there  is  any 
uncertaintj^  regarding  the  direction  of  the  uterine  cavity,  it  may  be  determined 
by  pas.sing  the  sound.  The  cervix  is  steadied  with  tenaculum  forceps  grasping 
its  anterior  lip.  The  oxj'gen,  which  has  been  released  from  the  tank  and  regulated, 
is  now  allowed  to  pass  from  the  w-ater  bottle  through  the  glass  and  rubber 
connecting  tubing  to  which  the  metal  cannula  is  attached.  By  pinching  the  rubber 
tubing  near  the  cannula  one  can  make  sure  that  all  the  joints  are  air  tight.  The 
mercury  immediately  ri.ses  in  this  ca.se.  .  .  .  This  is  a  very  important  point  to 
be  observed.  Having  made  certain  of  the  pressure,  the  air  valves  in  the  manom- 
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Fig.  2.  Apparatus  used  in  Rubin's  early  tests  of  tubal  patency.  (By  permission  of  The 
Journal  of  the  American  Medical  Association) 

eter  are  opened  and  the  catheter  i.s  then  inserted  into  the  uterine  cavity  to  a 
point  well  beyond  the  internal  os.  This  is  done  so  that  there  is  no  immediate 
escape  back  along  the  cervical  canal  and  out  into  the  vagina.  The  rubber  urethral 
tip,  placed  ordinarily  from  l}4  to  2  inches  away  from  the  cannula  tip,  is  then 
fitted  into  the  external  os,  insuring  better  obturation.  This  is  not  essential  in 
the  nulliparous  intact  cervix,  but  is  required  in  the  irregular  patulous  external 
os  resulting  from  previous  operations  or  from  lacerations  attending  childbirth. 
The  air  valves  are  now  closed.  Within  a  few  seconds  after  the  oxygen  enters  the 
uterine  cavity,  the  pressure  as  noted  in  the  mercury  manometer  will  rise;  within 
from  one  half  to  three  quarters  of  a  minute  in  the  patent  cases  the  mercurj* 
reaches  its  maximum  point.  It  then  fluctuates  for  a  few  seconds  or  drops  rather 
sharply  from  10  to  30  points,  maintaining  the  last  level  more  or  less  for  the  rest 
of  the  time.  There  may  be  a  slight  audible  escape  of  oxygen  from  the  external  os 
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vccentir^  eleuatct)  to  tfieoffTcc  of  Consulting  Cxv^nccolo^i^, 
after  Kie  eeruicc  bcg'utnmigas Xntccti  andpcogccs^'mG^  to 
tftc  KigKcgt  ranh.  ofCiynccologist  to  tKc  nospital;  and  ^ 
V  W  ^  Heceae,  &ucing  nie  many  useful  an£)  fruitful  ij^earc 
1  I  f  ot"en&eauor  Kc  has  ,in  ao&ttion  to  his  multitubi  no  us" 
general  services, incIuiJing  hispainstaking cojicem  an& 
ojaciii  eympatKy  for  all  patients  unbcv  his  care,ani»  his^ccat 
iittercst  m  the  teaching  and  dcvclopmeat  of  younger  tjxctx  op 
his  pro^ssion.  con£)uctct)  ejrtensiuc  research  i  n  tiic  subject  of 
human  infertility  andhas  originated  a  rneriio5  hnouju  to  the 
luotAd  by  his  name, for  demonstrating  the  patcnc]^  of  the 
Fallopian  (i>ubcs,an5  has perfectet)  conscruatioeoperatiue 
procedures,  and  oafc  metnoi)e  of  diagnosis  and  aecucate 
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benefit  by  ceflectionfrom  his  renoiun.and  its  Deep  affectiorv 
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_^6stonal  erainencc.  5^nd  be  it  •?  t  :  /r  ^ 
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 ^  ^  years  of  fxtrther  association  u)ith  him  and  to  his 

pnobable  fucthcr  acclaim  resulting  from  fiiturescruicce.  "."i-t.-) 

HewycJch.,  February  19.1946 


Fig.  3.  Resolution  of  the  Board  of  Trustees  of 
Rubin's  appointment  as  Consulting  Gynecologist. 
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in  the  cases  of  patent  tubes,  but  as  a  rule  there  is  none  until  the  cannula  is  re- 
moved, when  slight  regurgitation  is  present. 

"In  the  nonpatent  cases,  the  pressure  usually  rises  steadily  for  three  quarters 
of  a  minute  to  a  minute  or  longer,  and  then  drops  sharply  as  the  gas  regurgitates 
into  the  vagina.  As  the  time  required  for  sufficient  oxygen  to  pass  into  the  ab- 
domen where  it  can  be  detected  by  fluoroscopic  examination  is  one  and  a  half 
minutes,  the  cannula  is  not  withdrawn  till  this  time  limit  is  reached.  If  the 
pressure  reaches  200  mm.  in  one  minute,  it  is  well  to  open  one  of  the  air  valves 
(needle  valve)  to  prevent  it  from  mounting  higher.  In  all  our  patent  cases  this 
high  level  was  not  reached.  .  .  . 

"With  the  manometer  attached  to  the  water  bottle  we  can  decide,  knowing 
the  rate  of  flow  beforehand,  how  much  we  wish  to  inject  into  the  abdomen. 
From  the  moment  the  pressure  falls,  we  allow  the  gas  to  flow  for  from  one-half 
to  one  minute.  .  .  .  In  the  positive  ca.ses  the  pressure  need  not  exceed  40  mm. 
The  average  pressure  is  from  60  to  80;  occasionally  the  pre.ssure  ri.ses  to  100  or 
more  before  the  oxygen  will  pass  through  the  uterine  ostium  of  the  fallopian 
tubes.  WTien  the  pre.ssure  reaches  150  or  more,  the  likelihood  is  that  the  tube 
Imnen  is  closed  completeh'  or  stenosed,  but  not  necessarily  in  every  ca.se.  A 
pressure  of  200  is  tolerably  certain  to  be  due  to  closed  tubes." 

Rubin  soon  discovered  that  carbon  dioxide  was  preferable  to  oxygen  as  the 
insufiiating  agent,  for  the  former,  being  resorbed  more  rapidly,  cau.sed  less 
discomfort  and  eliminated  the  danger  of  embolism.  He  also  introduced  a  mmiber 
of  modifications  in  his  apparatus,  the  most  notable  being  a  kj-mograph  for  better 
interpretation  of  the  functional  status  of  the  tubes. 

Xo  innovation  is  ever  without  its  detractors.  History  has  proved  how  wrong 
was  John  Polak,  then  Professor  of  Obstetrics  and  Gynecology'  in  the  Long  Island 
College  of  ^Medicine,  when  in  his  discussion  of  Rubin's  paper  he  predicted  that 
the  method  would  fail  to  achieve  general  use,  and  stated  that  in  ca.ses  of  suspected 
tubal  obstruction  "it  would  be  .safer  to  do  abdominal  .section  than  to  inflate  the 
tubes  or  uterus  with  gas."  On  the  contrary,  tubal  insufflation  was  enthusia.stically 
adopted  by  others,  and  in  one  of  the  early  papers  confirming  the  value  of  the 
procedure  Furniss  (10)  gave  it  the  de.signation  of  "Rubin  test,"  by  which  it  has 
since  been  known.  Many  gynecologists  regard  it  as  the  twentieth  century's 
most  important  contribution  to  the  clinical  study*  of  female  infertility. 

Isidor  Clinton  Rubin,  born  January  8,  1883,  was  educated  at  the  College  of 
the  City  of  Xew  York,  which  subsequently'  honored  him  with  its  Distinguished 
Alumnus  Award.  He  studied  medicine  in  the  College  of  Physicians  and  Surgeons 
of  Columbia  University,  and  after  graduating  in  1905  served  for  three  years  on 
the  hou.se  staff  of  The  Mount  Sinai  Hospital.  The  following  year  was  spent  in 
Schottlander's  laboratory  of  gynecological  pathology  in  Vienna's  II  Universitats- 
Frauenkliuik.  Upon  his  return  to  Xew  York  Dr.  Rubin  was  made  As.sociate 
Pathologi.'it  and  Adjunct  Gynecologi.st  at  the  Beth  Israel  Hospital  and  from 
1934  to  1937  he  served  as  director  of  its  gynecological  service.  In  1916  he  was 
also  appointed  to  the  \isiting  .staff  of  The  Mount  Sinai  Ho.spital,  where  he 
ultimately  rose  to  the  rank  of  Attending  Gynecologist  (1937-1945).  During  this 
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period  He  held  the  title  of  Clinical  Professor  of  Obstetrics  and  Gynecology  in 
his  alma  mater.  He  was  elected  President  of  the  Xew  York  Obstetrical  Societj^' 
in  1928  and  served  the  American  Gynecological  Society  in  a  similar  capacity 
in  1955-1956.  In  addition  to  his  book,  Uterotubal  Insufflation  (1947),  he  published 
Symptoms  in  Gynecology  (1923)  and,  together  with  Josef  Xovak,  a  .3-volume 
text.  Integrated  Gynecology  (1956).  The  American  Society  for  the  Study  of  Sterility 
commemorated  Dr.  Pubin's  seventy-fifth  birthday  with  a  special  issue  of 
Fertility  and  Sterility  (vol.  8,  no.  6,  1957). 
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The  a.'joptic  meningitis  syndrome  is  gradually  beeoming  better  understood  as 
recovery  of  an  etiologic  virus  is  becoming  easier  and  more  conunon.  It  is  the 
purpose  of  this  comnuuiication  to  present  briefly  the  ca.'^e  histories  of  several 
children  with  this  .syndronu'  in  whom  a  \iius  was  iso!at(>(l,  and  to  review  the 
latest  a(l\  ances  in  the  field. 

CASE  HEPOUTS 
Case  «  / 

Mric  II.  (MSIl  *.')41S2)  a  i)ri\atc  patient  of  Dr.  Donald  (Irihetz  is  a  five  year 
old  white  boy  who  was  admitted  because  of  nuchal  rigidity.  Five  dnys  prior  to 
admi.ssion  he  complained  of  substernal  pain,  had  fever  of  104^F  and  on  examina- 
tion was  seen  to  ha\-e  pharyngitis  for  which  he  was  treated  with  tetracycline. 
His  fever  subsided  within  two  days,  but  two  d;iys  later  he  complained  of  al)- 
dominal  cramps  and  the  n(>xt  day  he  was  admitted  to  the  hospital  because  of 
nuchal  rigidity  and  fe\  er  of  101  °F. 

The  phy.sical  examination  at  the  time  of  admission  re\-ealed  stiffness  of  the 
back,  and  generalizcil  nui.scular  weakness,  more  marked  on  the  l(>ft. 

The  complete  blood  count  showed  a  hemoglobin  of  lo  grams  per  cent,  a  white 
blood  count  of  10,000  cells  per  cubic  millimeter  with  ")4  per  cent  neutiophils, 
42  per  cent  lymphocytes,  1  per  cent  eosinophils,  and  3  per  cent  monocytes.  The 
sedimentation  rate  was  22  nun.  per  hour.  The  vu'inalysis  was  normal.  The  cerebro- 
spinal fluid  was  clear;  it  contained  21  white  blood  cells  per  cubic  millimeter  of 
which  1()  were  neutrophils  and  .3  were  lymphocytes;  the  protein  was  25  mg  per 
cent;  the  sugar  was  (12  mg  per  cent.  Xasopharyngeal,  throat  and  blood  cultures 
re\-ealed  no  pathogens,  and  one  out  of  three  tubes  of  the  cerebrospinal  fluid  cul- 
ture grew  out  streptococcus  viridans  which  was  considered  a  contaminant.  The 
patient  did  well  and  became  afebrile  on  the  third  hospital  day  without  treatiiient. 
Subsequent  serological  .studies  failed  to  reveal  antibodies  to  ea.stern  e(iuine  en- 
cephalitis, St.  Louis  encephalitis,  lymphocytic  choriomeningitis  and  mumps.  The 
tuberculin  test  was  negative. 

Michael  H.  the  younger  l)rothcr  of  the  abox-e  patient  was  concurrently  suffer- 
ing from  an  upper  respiratory  infection.  The  stool  of  each  brother  was  inoculated 
into  monkey  kidney  tissue  culture  media  and  a  cytopathogenic  agent  was  re- 
covered from  each  on  the  fourth  day.  I']ach  agent  was  passaged  several  times  and 
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then  inoculated  into  suckling  mice  in  whom  it  produced  convulsions  on  the  fourth 
and  fifth  days. 

Comment.  The  history  of  chest  pain,  abdominal  pain  and  meningitis  as  part 
of  a  biphasic  illness  was  strongly  suggestive  of  a  Coxsackie-B  virus  infection  and 
epidemic  pleurodynia  with  meningitis.  The  pathogenicity  of  the  isolated  agents 
for  suckling  mice  confirmed  that  suspicion.  Subsequently  the  virus  from  each 
brother  was  identified  as  Coxsackie  B-2.* 

Case  ^2 

Anthony  C.  (MSH  ^  52878)  is  a  43^  year  old  boy  who,  three  days  prior  to  ad- 
mission, developed  fever  and  sore  throat  for  which  he  was  treated  with  a  sul- 
fonamide. Two  days  prior  to  admission,  he  seemed  normal  and  had  no  fever. 
One  day  prior  to  admission  he  began  to  vomit  and  complain  of  abdominal  pain 
and  on  the  day  of  admission  he  was  seen  at  another  hospital,  where  a  positive 
Brudzinski  sign  was  noted.  The  diagnosis  of  poliomyelitis  was  made  and  he  was 
transferred  to  The  Mount  Sinai  Hospital. 

Physical  examination  at  the  time  of  admission  revealed  injection  of  the  phar- 
yirx  and  tonsils,  and  exudate  on  the  left  tonsil.  No  neurological  abnormality 
could  be  demon.strated,  but  because  of  the  admission  diagnosis  a  lumbar  punc- 
ture was  performed. 

The  cerebrospinal  fluid  contained  34  cells  per  cubic  millimeter,  32  of  which 
were  lymphocytes;  protein  and  sugar  concentrations  were  18  mg  per  cent  and 
48  mg  per  cent  respectively.  Subsequent  to  admission,  the  patient  exhibited  no 
symptoms.  A  repeat  cerebrospinal  fluid  examination  the  next  day  showed  40 
cells  per  cubic  millimeter  which  were  mostly  lymphocytes,  again  with  normal 
protein  and  .sugar  concentrations.  The  blood  count  revealed  a  hemoglobin  of 
11.8  grams  percent,  and  a  white  blood  count  of  6,100  per  cubic  millimeter  with 
57  per  cent  neutrophils,  28  per  cent  lymphocytes,  5  per  cent  eosinophils  and  10 
per  cent  monocytes.  Urinalysis  was  normal.  The  sedimentation  rate  on  admission 
was  52  mm.  per  hour,  but  on  the  following  day  it  was  12  mm.  per  hour.  Throat 
culture  revealed  staphylococcus  aureus.  Agglutination  studies  against  mumps, 
eastern  equine  encephalitis,  St.  Louis  encephalitis  and  lymphocytic  choriomenin- 
gitis were  negative. 

The  patient's  stool  was  inoculated  into  monkey  kidney  tissue  culture  media 
and  a  cytopathogenic  agent  was  isolated  which  was  cultured  serially.  Several 
attempts  to  grow  the  agent  in  suckling  mice  failed. 

Comment.  The  virus  isolated  from  the  last  patient  behaved  somewhat  differ- 
ently in  tissue  culture  than  the  viruses  recovered  from  the  two  brothers.  The  lat- 
ter destroyed  the  culture  gradually  beginning  on  the  fourth  day,  but  requiring 
another  four  days  to  achieve  complete  destruction  of  the  tissue  culture.  The  virus 
from  Anthony  C.  showed  lesions  on  the  fourth  day  which  quickly  became  wide- 
spread and  destroyed  the  culture  in  two  days,  thereby  being  slower  than  polio- 
virus. 

All  three  viruses  were  neutralized  by  gamma  globulin.  None  of  them  were 
neutralized  by  any  of  the  three  type  specific  polio  antisera. 

*  G.  Dalldorf,  personal  communication. 
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Upon  testinjr  \\\v  \  inis  isolated  Iroin  each  patient  a<2;ainst  the  various  patients' 
initial  and  convaleseent  sera,  it  was  shown  that  the  two  brothers'  coiualescent, 
but  not  aeute,  sera  neutralized  each  other's  \  iruses  but  not  the  Anthony  (".  virus. 
Conversely,  Anthony  C\  convaleseent  serum  neutralized  only  his  own  \irus. 
Acute  serum  from  this  p;itient.  was  not  a\ailal)le.  Identification  of  the  Anthony 
C.  virus  has  been  performed,  and  it  has  been  shown  to  be  l-X'IK)  type  (i.* 

Case 

C'ah'in  T.  (MSIl  ^Tltili^)  is  a  12  year  old  Xegro  boy  who,  four  days  prior  to 
admission,  complained  of  abdominal  cramps,  sore  throat,  tearing,  anorexia  and 
fever  between  lOo'F  and  104°F.  There  was  no  vomiting*;,  diarrhea  or  jaundice. 
He  was  given  an  injection  of  penicillin  but  continued  without  improvement  for 
four  days,  when  he  began  to  cough  and  came  to  the  hospital  for  admission. 

Physical  examination  revealed  a  red  pharynx  and  \esicles  on  the  anterior 
tonsillar  pillars.  Only  one  observer  felt  tliat  there  might  be  nuchal  rigidit}'.  The 
patient  had  some  right  upper  cjuadrant  tenderness. 

The  cerebrospinal  fluid  was  clear,  vuuler  normal  pressure,  contained  82  cells 
per  cubic  millimeter  of  which  all  were  lymphocytes,  and  the  protein  and  sugar 
concentrations  were  27  mg  per  cent  and  47  nig  per  cent  respectively.  Other  labo- 
ratory studies  showed  a  hemoglobin  of  12.9  grams  per  cent,  a  white  blood  count 
of  9,800  per  cubic  millimet(>r  with  a  differential  count  of  ()2  per  cent  neutrophils, 
30  per  cent  lymphocytes,  5  per  cent  monocytes  and  3  per  cent  atypical  lympho- 
cytes. The  sedimentation  rate  was  30  nun.  per  hour;  total  protein  was  8  grams 
per  cent  (albumin,  4.8  grams  per  cent  and  globulin,  3.2  grams  per  cent);  total 
bilirubin  was  0.48  mg  per  cent  (0.13  mg  per  cent  direct);  serum  amylase  was  49 
units.  Liver  function  tests  and  urinalysis  were  normal;  sickle  cell  preparation 
was  negative;  nose,  throat  and  l)lood  cultures  yielded  no  pathogens. 

The  cerebrcspinal  fluid  and  the  stool  were  inoculated  into  suckling  mice  and 
tis.sue  cultvu'e  of  HeLa  cells.  A  cytopathogenic  agent  was  recovered  from  each 
specimen  in  each  medium.  Sub.seciuently  all  were  cultured  serially  in  monkey  kid- 
ney tis.sue  culture.  They  were  neutralized  by  gamma  globulin,  but  not  by  the 
three  types  of  poliomyelitis  antisera.  Pooled  Coxsackie  serum  neutralized  the 
virus  and  it  was  subse([uently  identified  as  Coxsackie  B-o.f  The  patient's  con- 
valescent serum  showed  a  l  ise  in  complement  fixing  antil)ody  to  pooled  Cox.sackie 
virus.  The  patient's  serum  showed  a  ri.se  in  neutralizing  antibody  from  1:10  to 
1:20  against  1000  TCIDoo  of  the  cerebro.spinal  fluid  agent,  and  a  ri.se  from  1:40 
to  1 :80  against  1000  TCID50  of  the  agent  reco\'ered  from  the  stool.  The  u.se  of  a 
smaller  amount  of  virus  in  performing  the  neutralization  tests  might  have 
afforded  a  more  sensiti\'e  estimate  of  the  patient's  antibody  re.spon.se. 

Case 

Peter  G.  (MSH  70122)  a  private  patient  of  Dr.  Else  Kaufmann  is  a  five 
year  old  boy  who,  two  and  one  half  days  prior  to  admission,  awoke  with  a  stiff 

*  G.  Dalldorf,  personal  communication. 
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neck,  nausea,  vomiting  and  fever  of  100.4°F.  Four  days  prior  to  his  illness,  his 
nineteen  month  old  sister  had  developed  vesicular  pharjaigitis  and  had  been 
treated  with  a  tetracycline  drug.  On  the  day  of  onset  of  the  patient's  illness,  his 
sister's  fever  subsided;  a  rash  appeared  behind  her  ears  and  on  her  trunk  which 
faded  after  one  and  one  half  days.  The  patient  showed  no  improvement  in  two 
and  one  half  days  and  was  admitted  to  the  hospital. 

On  examination  he  had  a  vesicular  pharyngitis  and  positive  Kernig  and 
Brudzinski  signs. 

The  hemoglobin  concentration  was  12.9  grams  per  cent,  the  white  blood  count 
was  5,500  per  cubic  millimeter  with  a  differential  count  of  65  per  cent  neutro- 
phils, 30  per  cent  lymphocytes,  2  per  cent  eosinophils,  2  per  cent  monocytes  and 
1  per  cent  myelocytes.  Urinalysis  was  normal.  The  cerebrospinal  fluid  was  clear; 
it  contained  21  cells  per  cubic  millimeter,  half  of  which  were  neutrophils  and  half 
lymphocytes;  the  protein  concentration  was  21  mg  per  cent  and  .sugar  content 
was  65  mg  per  cent.  Blood  and  cerebro.spinal  fluid  cultures  were  sterile.  Throat 
culture  yielded  Hemophilus  influenza  type  B.  The  tuberculin  test  was  equivocal. 
The  patient  became  .symptom  free  in  two  days  and  was  discharged  to  the  care  of 
his  personal  physician  while  still  receiving  chloramphenicol  and  Gantrisin® 
therapy. 

Seven  days  later  he  had  to  be  readmitted  becau.se  of  recurrence  of  fever  and 
meningeal  signs.  Physical  examination  at  that  time  showed  a  red  pharj'nx  with 
occasional  petechiae  on  the  fauces  and  positive  Kernig  and  Brudzinski  .signs. 
Examination  of  the  blood  showed  the  hemoglobin  to  be  11.7  grams  per  cent,  the 
white  blood  count  to  be  9,100  per  cubic  millimeter  with  a  differential  count  of 
75  per  cent  neutrophils  and  25  per  cent  lymphocytes.  The  cerebro-spinal  fluid 
contained  80  cells  per  cubic  millimeter  of  which  all  were  lymphocytes.  The  con- 
centrations of  protein  and  sugar  were  20  mg  per  cent  and  68  mg  per  cent  respec- 
tively. The  patient  again  became  asymptomatic  in  two  days  when  a  repeat  blood 
count  showed  no  significant  change.  Another  cerebrospinal  fluid  examination 
showed  35  cells  per  cubic  millimeter  of  which  all  were  lymphocytes.  The  concen- 
trations of  protein  and  sugar  were  unchanged.  Cerebrospinal  fluid  cultures  were 
negative  including  guinea  pig  inoculation.  The  tuberculin  test  was  again  efiui\-o- 
cal.  The  che.st  x-ray  was  normal  except  for  the  presence  of  an  azj'gous  fissure. 

Cerebrospinal  fluid  obtained  from  the  first  lumbar  puncture  was  inoculated 
into  tissue  culture  and  yielded  an  agent  cytopathogenic  for  monkej'  kidney  cells. 
It  could  also  be  passaged  in  .suckling  mice.  The  \-irus  could  not  be  neutralized  by 
the  three  poliomyelitis  antisera  but  could  be  neutralized  by  gamma  globulin. 
The  patient's  initial  serum  failed  to  neutralize  the  virus,  but  the  con\-alescent 
serum  neutralized  100  TCID50  in  a  dilution  of  1:64.  Subsequently,  identifica- 
tion* revealed  it  to  be  an  ECHO  type  14. 

Case  $0 

Raffa  J.  (MSH  ^72859),  a  six  year  old  negro  boy,  was  well  on  the  evening 
before  admission  but  woke  up  during  the  night  with  a  headache,  and  \-omited. 
The  next  morning  he  complained  of  stiff  neck  and  anorexia. 

*  G.  Dalldoif  peisonu!  communication. 
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He  was  adinittetl  to  tlio  li()s|)ital  with  a  temperature  of  102. .S°l'',  pulse  rate  <j|' 
140  i)er  minute  and  normal  respiration  and  blood  pressuic.  The  only  [jositixc 
physieal  (indinj^s  were  minimal  haek  pain  on  marked  neck  flexion  and  bilateral 
luisustained  ankle  eloiuis.  The  Keniig  and  Brudzinski  si}!;ns  were  negative. 

The  past  history  revealed  that  tuberculous  lympli  nodes  in  the  neck  had  been 
removed  at  the  age  of  11  months.  Xo  chest  pathology  was  noted  at  that  time, 
nor  in  x-ra3's  taken  at  six-monthly  intervals  since  then. 

The  blood  count  on  admi.ssion  revealed  a  normal  hemoglobin,  a  white  l)lood 
count  of  lo,8(K)  per  cubic  millimeter  with  a  differential  count  of  So  per  cent 
neutrophils,  14  per  cent  lymphocytes  and  A  per  cent  monocytes.  I'linalysis  was 
normal.  A  luml)ar  puncture  was  performed  antl  slightly  turbid  cerebrospinal 
Huid  was  obtained  under  an  initial  pressure  of  420  mm.  of  water  and  a  clo.sing 
pressure  of  240  mm.  of  water.  The  fluid  contained  1,000  white  blood  cells  per 
cubic  millimeter,  of  which  90  per  cent  were  neutrophils;  sugar  concentration  was 
78  mg  per  cent  and  protein  content  was  42  mg  per  cent.  Xo  microorganisms  were 
seen  on  gram  or  acid  fast  stains  of  the  sediment  but  therapy  was  instituted  for 
meningitis  of  unknown  etiology.  This  consisted  of  penicillin,  chloramphenicol 
and  sulfadiazine. 

The  next  day  the  temperature  climbed  to  103. 8°F  and  nuchal  l  igidity  .seemed 
more  marked,  but  there  were  no  neurological  abnormalities.  One  day  thereafter, 
the  patient  was  afebrile  and  asymptomatic.  On  the  fourth  hospital  day,  coinci- 
dent with  the  omission  of  penicillin,  fever  spiked  to  102°F  and  returned  to  normal 
when  penicillin  therapy  was  reinstituted. 

Cerebro-spinal  fluid  e.xamination  seven  days  after  admission  showed  100  white 
blood  cells  per  cubic  millimeter,  all  lymphocytes,  and  55  mg  per  cent  sugar  antl 
27  mg  per  cent  protein  concentration.  Nasopharyngeal,  pharyngeal  and  blood 
cultures  revealed  no  pathogens  and  neither  cerebro.spinal  fluid  culture  showed 
microorgani.sms,  including  tubercle  bacilli.  The  patient's  second  strength  tuber- 
culin test  was  positive,  but  his  che.st  x-ray  was  negative.  A  blood  count  one 
week  after  admission  was  normal. 

A  virus  was  isolated  in  monkey  kidney  tissue  culture  from  the  cerebrospinal 
fluid  and  passaged  .se\-eral  times  after  which  it  was  succes.sfully  passed  in  .suckling 
mice.  The  virus  failed  to  be  neutralized  by  the  three  types  of  polio  antisera  or 
fourteen  ECHO  anti.sera,  but  was  neutralized  by  gamma  globulin.  It  was  neu- 
tralized by  Cox.sackie  B4  serum,  but  not  by  any  other  C'oxsackie  B  antisera, 
thereby  identifying  it  as  Co.xsackie  B4.* 

Case  §6 

Arthur  M.  (MSH  *  85G85),  a  private  patient  of  Dr.  Ralph  Molo.shok,  Avas  ad- 
mitted with  fe\  er  and  nuchal  rigidity.  His  illness  began  six  days  prior  to  admis- 
sion with  frontal  headache,  photophobia  and  fever  of  100. 6°F.  He  was  seen  by 
his  physician  on  the  next  day  when  he  was  afebrile,  but  lethargic  and  anoretic. 
There  followed  spontaneous  improA'ement  until  one  day  prior  to  admission  when 
anorexia,  headache,  lethargy  and  photophobia  returned  together  with  fever  of 
102.4°F.  He  vomited  twice  and  his  physician  noted  nuchal  rigidity,  and  po.sitive 

*  Scrum  kindly  piovidccl  l)y  Dr.  H.  .Vioiisoii. 
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Kernig  and  Brudzinski  signs,  and  admitted  him  to  The  Mount  Sinai  Hospital. 
The  past  history  revealed  that  he  had  had  measles  two  years  prior  to  admission 
and  three  injections  of  poliomyelitis  vaccine  had  been  gi\'en,  the  last  one  four 
months  before  admission. 

The  examination  at  the  time  of  admission  was  imremarkable  e.xcept  for  marked 
decrease  in  nuchal  rigidity  and  the  absence  of  neurological  signs.  The  tempera- 
ture was  101.6°F,  but  later  rose  to  103°F  and  thereafter  fell  by  lysis  to  become 
normal  on  the  third  hospital  day.  The  blood  count  showed  the  hemoglobin  con- 
centration to  be  13.6  grams  per  cent  and  8,000  white  blood  cells  per  cubic  milli- 
meter. The  differential  count  was  49  per  cent  segmented  neutrophils,  14  per  cent 
band-forms,  27  per  cent  lymphocytes,  7  per  cent  monocytes,  2  per  cent  atypical 
lymphocytes  and  1  per  cent  eosinophils.  Urinalysis  was  normal.  The  cerebro- 
spinal fluid  was  not  under  increased  pressure  and  contained  200  cells  per  cubic 
millimeter,  all  of  which  were  lymphocytes.  Xuchal  rigidity  returned  after  the 
luml)ar  puncture,  but  disappeared  in  36  hours,  and  the  patient  thereafter  was 
asymptomatic.  Nasopharyngeal,  throat  and  cerebrospinal  fluid  cultures  revealed 
no  pathogenic  bacteria. 

A  virus  was  i-solated  in  monkey  kidney  tissue  culture  from  the  cerebrospinal 
fluid  and  passaged  several  times  after  which  it  was  successfully  passed  in  suckling 
mice.  It  was  neutralized  by  the  patient's  convalescent  .serum.  The  virus  failed 
to  be  neutralized  by  the  three  types  of  polio  antisera  or  fourteen  ECHO  anti- 
sera,  but  was  neutralized  by  gamma  globulin.  It  was  neuti-alized  by  Coxsackie 
B2  serum,  but  not  by  any  other  Coxsackie  B  antisera,  thereby  identifying  it  as 
Coxsackie  B2.* 

DISCUSSION 

Since  1925  Wallgren's  definition  of  the  aseptic  meningitis  syndrome  (1)  has 
served  as  a  useful  clinical  guide  but  his  criteria  have  been  adhered  to  by  few 
writers.  Steigman  (2),  thirty  years  later  takes  a  much  broader  view  of  the  sub- 
ject; however,  the  de\'elopments  of  the  last  few  years  are  bringing  the  syndrome 
into  focus. 

Our  concern  is  with  untreated  patients  who  present  signs  and  symptoms  of 
meningitis  from  whose  cerebrospinal  fluid  no  bacteria  can  be  i.solated.  During 
the  '"poliomyelitis  season"  such  patients  are  often  said  to  have  non-paralytic 
poliomyelitis;  it  is  now  known  that  other  viruses  may  be  responsible,  and  at  all 
times  of  the  year. 

A  review  of  854  cases  of  aseptic  meningitis  seen  at  the  Army  Serx  ice  Graduate 
School  between  1947  and  1952  (3)  revealed  the  following  causes: 


Lymphocytic  choriomeningitis   9% 

Mumps   12% 

Lepto.spirosis   7% 

Herpes  simplex   5% 

Undiagnosed   07  % 


*  Serum  kiiidlx'  j)iovi(io(l  l)y  Dr.  \i.  .\ioii.son 
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With  th(>  iiso  of  the  ^^u(•klhlg  mouso  iiiul  the  iiit nxhiction  of  tissue  cuUure 
iiu'thods,  an  iiicreasiiig  number  of  viruses  have  been  reported  as  causative  agents 
and  the  cases  of  unknown  etiology  are  becoming  less  freciuent.  A  \  irus  has  been 
held  responsible  when  it  was  isolated  from  the  patient's  stool  or  throat  washings 
and  if,  during  coiualescence,  a  rise  in  the  patient's  serum  antibod}'  titre  could 
be  demonstrated.  The  virus  can  be  ial)eled  as  causati\  (>  even  more  definitely  if 
it  can  be  isolated  from  cerebrospinal  Huid. 

Recently  reported  ()uti)reaks  of  ■"poliomyelitis"  have  emphasized  the  reco\ery 
of  other  enteric  viruses.  Melnick  in  1955  (4),  from  non-paralytic  cases,  recovered 
poliovirus  in  41  per  cent,  Coxsackie  viruses  in  2;^  per  cent  and  I'X'HO  viruses  in 
3()  per  cent.  The  fre(iuency  of  the  various  virus  types  \-aries  from  place  to  place 
and  year  to  year.  Rhodes  (5)  reported  18.8  per  cent  Co.xsackie  virus  isolation  be- 
tween 1!)50  and  1955  at  the  Toronto  C'hildrens  Hosi^ital,  and  Kiiby  ((i),  27.4  per 
cent  C'oxsackie  virus  isolation  in  Seattle  in  1954. 

Encephalitis  has  been  reported  to  be  as.sociate(l  with  Hornholm  disease  for 
over  20  years  (7).  The  a.ssociation  was  noted  again  recently  in  Belgium  (8), 
Great  Britain  (9),  Au.stralia  (10),  and  Sweden  (11,  12)  so  that  Johnsson  (11) 
.sugge.sted  that  Bornholm  disease  manifests  itself  as  aseptic  meningitis  in  children 
and  epidemic  pleurodynia  and  myalgia  in  later  life.  Kx'idence  for  C'oxsackie  B 
virus  causing  aseptic  meningitis  is  pro\'ided  not  only  by  reco\'ery  of  the  \irus 
from  stool  and  associated  rise  in  antibody  titre  but  also  by  isolation  from  cerebro- 
spinal fluid  (5,  13).  In  seventeen  cases  reported  (14),  the  cerebrospinal  fluid  cell 
count  a\'eraged  less  than  180  per  cubic  millimeter  with  a  preponderance  of 
lymphocytes  and  the  cerebrospinal  fluid  protein  concentration  was  under  45  mg. 
per  cent.  All  Cox.sackie  B  types  have  been  i.'^olated  from  cerebrospinal  fluid  (15, 
IG).  Coxsackie  A  types  have  been  recovered  from  feces  oi  patients  \\ith  a.septic 
meningitis  but  only  type  A9  has  been  isolated  from  cerebro.spinal  fluid  (17,  18). 
An  undetermined  type  has  been  respon.sible  for  a  large  outbreak  in  Italy  (19). 
Com^ersely  C'ox.sackie  A  infection,  such  as  herpangina  need  not  be  associated 
with  pleocytosis,  rise  in  protein  or  presence  of  virus  in  the  cerebrospinal  fluid 
(20).  Problems  of  cau.sal  relationship  arise  with  Coxsackie  A  virus  due  to  its  fre- 
quent a.ssociation  with  other  viruses,  especially  poliovirus.  This  is  rarely  the 
case  with  Coxsackie  B,  which  is  thought  to  interfere  with  poliovirus  (5).  Cox- 
sackie x'irus  may,  at  times,  cau.se  more  than  meningitis.  Steigman  (21 )  reports 
the  occurrence  of  mild  residual  paresis  following  Coxsackie  B5  infection,  and 
central  nervous  system  neuronal  damage  due  to  Coxsackie  B2.  From  the  spinal 
cord  of  a  newborn  infant  who  died  of  myocarditis  and  meningoencephalitis,  Cox- 
.sackie B3  has  been  i.-^olated  (22).  Co.x.sackie  virus  was  isolated  from  the  .stool  of  a 
newborn  infant  who  died  of  myocarditis  and  encephalitis  at  The  Mount  Sinai 
Hospital.  Stools  from  four  of  .seven  patients  with  (uiillain-Barre  syndrome 
.studied  b}'  Ciear  (23)  yielded  Coxsackie  A  virus.  Dalldorf  has  recently  demon- 
strated neuropathogenicity  similar  to  poliovirus  in  group  A  Coxsackie  virus 
type  14  (24),  and  the  .same  has  been  suggested  for  Coxsackie  A7  (24-2()). 

The  ECHO  viruses  have  been  isolated  from  the  stools  of  healthy  children  and 
children  with  diarrhea,  and  from  the  stools  and  cerel)r()spinal  fluid  of  children 
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with  aseptic  meningitis  (27-33).  Sulnn  (27)  states  that  he  has  not  found  them 
in  the  stools  of  normal  individuals  between  the  ages  of  20  and  30  years.  The 
types  most  freciuently  associated  with  aseptic  meningitis  have  been  ECHO 
4,  5,  6,  9  and  14,  and  all  of  them  have  been  isolated  from  cerebrospinal  fluid 
(34-37). 

Outbreaks  of  ECHO  (3  aseptic  meningitis  ha\-e  been  reported  by  ]\Ielnick  (4), 
Kibrick  (30)  and  Karzon  (38).  Their  descriptions  of  the  illness  agree  in  all  im- 
portant respects;  it  is  biphasic  in  about  one  fourth  of  the  patients,  most  of  whom 
complain  of  headache,  stiff  neck  and/or  back  and  gastrointestinal  symptoms, 
especially  A-omiting.  Fever  usually  lasts  a  few  days.  The  blood  count  is  generally 
within  normal  limits  with  a  slight  "shift  to  the  left."  The  cerebrospinal  fluid  cell 
count  is  usually  under  300  per  cubic  millimeter  of  predominantly  polymorpho- 
nuclear cells  early  in  the  disease  but  with  a  I'apid  change  to  lymphocytic  pre- 
ponderance. The  cerebrospinal  fluid  protein  is  often  within  normal  limits.  Muscle 
weakness  is  common,  though  transient. 

In  the  Alarshalltown,  Iowa  epidemic,  ECHO  4  A'irus  was  recovered  from  52 
per  cent  of  patients  with  aseptic  meningitis,  20  per  cent  of  patients  with  "minor 
illness"  and  18  per  cent  of  family  contacts  without  illness  (35,  37).  In  the  j\Iil- 
waukee  area,  ECHO  9  reportedly 'caused  an  outbreak  of  aseptic  meningitis  as- 
sociated with  a  ra.sh  (39)  after  ha\'ing  been  implicated  in  several  outbreaks  in 
Europe  (29-33,  40,  41).  Dalldorf  and  Rhodes  (42,  43)  believe  it  to  be  a  new  type 
of  Coxsackie  virus.  Further  evidence  to  this  effect  has  come  from  Melnick  (32, 
34)  and  Boissai'd  (29),  yet  an  antigenic  relationship  of  the  A-irus  to  herpes  sim- 
plex has  also  been  reported  (44). 

Karzon,  most  recently,  studied  an  outbreak  of  aseptic  meningitis  due  to  an 
ECHO  virus  which  most  closely  resembled  ECHO  type  4,  but  was  antigenicall.y 
related  to  ECHO  1,  8  and  13,  some  Coxsackie  types  A  and  B  and  polio\'irus  II 
(26,45). 

S^'edmyr  (46)  reports  isolation  of  ECHO  6  and  9  from  patients  with  paralytic 
disea.se.  Steigman  reports  isolation  of  ECHO  2  from  a  typical  bulbo-respiratory 
polio-like  case  (21)  and  Wenner  and  Rhodes  agree  that  ECHO  2  and  6  attack 
neurones  like  polio-virus  (35,  43). 

The  adenoviruses  too  may  play  a  role  in  the  causation  of  the  aseptic  meningi- 
tis syndrome.  A  virus  related  to  the  adenovirus  group  (36)  and  three  new  anti- 
genic types  were  isolated  in  the  1951  Massachu.setts  outbreak;  however  no  rise 
in  antibody  titre  was  demonstrable.  The  1951  illness  was  biphasic  in  one  case 
only,  fever  was  low-grade  (100-102°F,  orally)  and  the  predominant  symptoms 
were  headache,  stiff  neck  and  back,  ^-omiting  and  sore  throat.  The  white  count 
was  helow  10,000  per  cubic  milhmeter  with  a  slight  shift  to  the  left.  Cerebro- 
spinal fluid  showed  usually  less  than  100  cells  per  cubic  millimeter  of  which  most 
were  lymphocytes  and  the  protein  was  normal. 

^'iruses  long  associated  with  the  aseptic  meningitis  syndrome  are  mumps, 
lymphocytic  choriomeningitis,  and  herpes  simplex;  poliovirus  is  still  a  leading 
cause.  Leptospirosis,  tuberculosis  and  coccidioidomycosis  as  well  as  the  arthro- 
pod-borne \-iru.ses  have  been  implicated  (28,  47,  48). 
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The  above  reviews  emphasize  that  in  viral  ineiiiiigitis  it  is  (•oniinoii  to  have 
moderate  cerebrospinal  fluid  pleocytosis,  predominantly  lymphocytic  with  little 
or  no  increase  in  protein  concentration.  In  making  the  diafi;nosis,  inadequately 
treated  bacterial  meninjj;itis  lias  to  be  excluded.  To  establish  the  diagno.sis  of 
viral  meningitis,  the  recovery  of  a  virus  should  be  accompanied  by  a  demonstra- 
tion of  a  ri.se  in  specific  antibody  titre.  A  significant  increase  of  antil)ody  titre  to 
a  viral  antigen  shown  to  occur  in  serial  examinations  of  th(>  .serum  is  strong  pre- 
sumptive ex'idence  of  \  iral  etiology  e\  en  if  a  virus  is  not  isolated. 

The  isolation  of  a  \  irus  from  the  cerebrospinal  fluid  is  most  suggestive  of  etio- 
logic  culpability.  However,  Steigman  (21)  mentions  the  isolation  of  Cox.sackie 
virus  from  cereljrospinal  fluid  of  five  patients,  one  with  severe  pneumonia,  one 
with  encephalitis,  one  with  fever  of  unknown  cause,  and  two  with  brain  tumors 
and  he  raises  the  questions  whether  any  se\  ere  disease  may  lower  the  blood  brain 
barrier  and  whether  virus  may  be  attracted  to  tumor  becau.se  of  its  rapidly  grow- 
ing young  cells. 

S.rMM.\I{V 

Six  illustrati\-e  cases  of  viral  meningitis  are  presented.  The  literature  is  brieflj- 
reviewed  and  the  newer  \  iral  agents  of  etiologic  significance  are  discussed. 
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THE  EFFECT  OF  GLUCAGON  OX  THE  EXOCRINE 
PANCREATIC  SECRETIOX  OF  MAX* 


DAVIU  A.  DREILIXG,  M.D. 
HENRY  D.  JAXOWITZ,  M.D. 
U.  PETER  H.\EMMERLI.  M.D. 

AND 

DA^"ID  M.\RSH.\LL,  M.D. 
Xetc  York.  X.  Y. 

Acute  alterations  in  blood  sugar  level  have  been  reported  to  .stimulate  the 
elaboration  of  enzx-me  but  not  fluid  by  the  pancrea.s  (I,  2  ).  This  report  is  a  study 
of  the  effect  of  glucagon-induced  h\-perglycemia  upon  external  pancreatic  secre- 
tion in  man. 

METHOD 

Fourteen  patients  without  pancreatic  di.sea.se  and  ten  patients  with  proven 
chronic  pancreatitis  were  .subjected  to  the  .same  exjjerimental  procedure.  AH 
subjects  were  .studied  in  the  fasting  state.  A  double-lumened  gastro-duodenal 
tube  was  positioned  at  the  ligament  of  Treitz  under  fluoroscopic  control.  Gastric 
and  duodenal  specimens  were  obtained  .separately  with  constant  suction.  In  half 
the  ca.ses,  after  two  control  periods  of  20  minuts  each,  a  .secretin  test  was  per- 
formed using  a  standard  intravenous  dose  of  1.0  unit  of  secretin  per  kilogram  of 
body  weight,  following  which  2.0  milligrams  of  glucagon  were  given  intravenou-slj* 
and  duodenal  drainage  was  collected  in  diWded  .sj)ecimens  for  five  hours.  In  the 
remaining  patients,  the  hormones  were  administered  in  reverse  order. 

The  \-olume  of  duodenal  drainage  was  measured,  its  bicarbonate  concentration 
determined  with  the  van  Slyke  apparatus,  and  its  amyla.se  concentration  ana- 
lyzed by  a  photo-colorimetric  modification  of  the  Somogyi  starch  substrate 
method  (3).  Blood  was  drawn  before  and  at  twenty  minute  inten-als  after  the 
administration  of  glucagon  in  most  of  the  patients,  and  in  .some  others  not  .sub- 
jected to  intubation.  Glucose  and  amj'la.se  determinations  were  made  upon  these 
.sera.  A  minimum  elevation  of  40  miUigrams  per  cent,  ob.sen-ed  in  all  p>atients, 
was  considered  a  satisfactory-  respon.se  to  glucagon. 

RESULTS 

The  effect  of  glucagon  induced  h\-perglycemia  on  the  execrine  pancreatic  se- 
cretion is  presented  m  Figure  1,  wherein  the  average  percentage  change  from  the 
basal  control  rates  of  pancreatic  flow,  bicarbonate  concentration,  bicarbonate 
.secretion,  and  rate  of  amyla.se  elaboration  are  given  both  for  patients  with  and 

*  The  Glucagon  and  Secretin  u.«ed  in  this  study  was  furnished  by  the  Eli  Liliy  Company, 
Indianapolis,  Indiana. 

From  the  Departments  of  .Surger>-  and  Medicine,  The  Mount  Sinai  Hospital,  New  York, 
N.  Y. 
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Fig.  1.  Average  percentage  change  of  pancreatic  flow,  bicarbonate  .secretion,  and  amy- 
lase secretion  following  intravenous  glucagon  in  14  patients  without  pancreatic  disease  and 
in  10  patients  with  pancreatitis. 


without  pancreatic  inflammatory  disease.  The  graphs  clearly  indicate  that  ghi- 
cagon  induced  hyperglycemia  results  in  no  change  in  rate  of  flow,  bicarbonate 
secretion,  and  enzyme  secretion.  This  lack  of  effect  is  found  l)oth  in  patients 
with  and  without  pancreatic  disease. 

In  Figure  2  the  average  percentage  change  in  blood  sugar  and  blood  amylase 
values  following  intra\'enous  glucagon  are  gi\-en  for  IG  patients  without  pancre- 
atic disease  and  for  18  patients  with  chronic  pancreatitis.  In  both  groups,  the 
rise  in  blood  sugar  following  glucagon  is  accompanied  by  a  depression  of  the  blood 
amylase.  As  the  glucagon  effect  deteriorates  and  the  induced  hj^perglycemia 
wanes,  the  blood  amj'lase  is  reciprocally  elevated  towards  the  basal  level.  These 
changes  were  of  similar  magnitude  in  patients  without  pancreatitis  as  in  patients 
with  chronic  pancreatitis.  The  inverse  relation.'^hip  observed  between  blood  glu- 
co.-^e  and  amyla.se  is  .statistically  significant  at  the  .001  level. 
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Fig.  2.  Average  jjeicentage  change  in  blood  sugar  and  blood  amj-lase  concentrations 
following  intravenous  glucagon  administration  to  16  patients  without  pancreatic  disease 
and  13  patients  with  pancreatitis. 


COMMENT 

The  failure  of  glucagon  induced  hyperglycemia  to  affect  the  external  pancreatic 
secretion  in  man  recjuires  little  discussion.  Hypoglycemia  augments  enzyme  secre- 
tion by  direct  stimulation  of  the  vagal  centers  (2) ;  its  effect  is  obliterated  by  vagi- 
section  (4).  The  increase  in  amylase  secretion  noted  following  intra^•enous  in- 
fusion of  hypertonic  glucose  was  not  found  in  our  results  but  our  blood  .sugar 
changes  were  not  as  acute,  of  as  great  magnitude,  nor  as  prolonged  as  those 
induced  by  Crider  et  al  (1). 

The  depression  of  blood  amylase  following  glucagon  induced  hyperglycemia  is 
worthy  of  comment.  There  are  two  possible  explanations  of  this  phenomenon: 
(a)  either  it  is  the  result  of  alterations  within  the  pancreas,  or  (b)  it  is  due  to 
changes  in  extra-pancreatic  factors  which  control  the  blood  amylase  level. 

A  pancreatic  mechanism  for  blood  amylase  depression  following  glucagon 
cannot  be  dismissed  merely  because  there  is  no  observed  alteration  in  the  external 
secretion  of  amylase.  This  depression  might  result  from  an  action  at  the  cellular 
level  which  produces  a  change  in  the  endocrine-exocrine  partition  ratio  (5). 
However,  parallel  studies  of  the  behavior  of  the  blood  amylase  following  the  ad- 
ministration of  drugs  such  as  insulin,  orinase,  epinephrine,  gluco.se,  and  fructose 
indicate  that  the  changes  in  amvla.se  do  not  follow  either  the  induced  alterations 
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in  blood  su<i;;u'  nor  the  induced  chaufros  in  pancmitic  secretion  ((5).  Indeed,  a 
correlation  between  the  respons*'  of  blood  amylase  levels  and  the  non-esterified 
fatty  acid  (XI^FA)  content  of  the  blood  would  suggest  that  the  blood  amylase 
tlepression  following  glucagon  noted  in  this  study  is  extra-pancreatic  in  origin 
and  dependent  upon  alterations  in  the  rate  of  carbohydrate  utilization  ((),  7). 

CO.NCLU.SIO.NS 

1.  (ilucagon  induced  iiyperglyeemiu  did  not  effect  the  rate  of  How,  bicai'bonate 
secretion,  nor  the  rate  of  enzyme  secretion  by  the  pancreas  in  patients  witli  and 
without  pancreatic  inflammation. 

2.  (ilucagon  induced  hyperglycemia  is  accompanied  by  a  reciprocal  depression 
of  the  l)lood  amylase,  an  effect  apparently  extrapancreatic  in  locus  of  action, 
and  probably  s(>condary  to  an  induced  alteration  in  rate  of  glucose  utilization. 
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PROGRESS  AND  PROBLEMS  IN  BRAIN  RESEARCH* 


HERBERT  JASPER 

Professor  of  Experimental  Neurology  for  The  Montreal  Xeurological  Institute 

of  McGill  University 

It  is  a  true  honor,  and  a  real  pleasure  to  be  invited  to  give  the  Israel  Wechsler 
lecture.  Since  my  first  acquaintance  with.  Dr.  Wechsler,  as  a  student  through 
his  textbook  and  history  of  neurologj',  and  later  through  his  penetrating  scientific 
works  in  clinical  neurology,  gleaning  from  them  important  ideas  concerning 
the  physiology  and  pathology  of  the  brain,  I  have  always  wanted  to  meet  and  to 
know  Wechsler,  the  man.  It  is  only  during  recent  years  that  I  have  had  this 
privilege.  I  now  envy  his  many  students  who  have  known  him  for  a  longer  time, 
and  more  intimately,  for  many  have  been  inspired  not  only  by  his  great  teaching, 
but  by  his  example  of  a  good  wsiy  of  life.  As  we  would  say  in  Quebec,  "'il  est 
ires  sympathique". 

Perhaps  one  reason  I  find  Wechsler  particularly  sympathetic  is  that  he  began 
his  medical  career  in  psychiatr\%  then  turned  to  neurologj'  with  the  conviction 
that  study  of  the  brain,  its  anatomy,  physiology,  and  chemistry,  combined 
with  extensive  clinical  experience  would  eventually  contribute  more  to  the  under- 
standing of  human  behavior  and  mental  disease.  Time  has  proven  the  soundness 
of  his  judgment  as  witnessed  by  the  prevailing  trend  in  psychiatry  today. 

But  Dr.  Wechsler  has  never  abandoned  completely  his  first  love.  In  his  own 
words  "psychiatiy  is  a  charming  and  seductive  wench  which  imntes  occasional 
flirtation  and  e\  en  deserves  some  ardent  affection."  Mj'^  first  love  was  the  same, 
philosophj'  and  psychology.  I  then  turned  to  neurophysiology  in  search  of  a 
more  concrete  ba.sis  of  understanding.  I  .suspect  our  eventual  goal  is  the  same, 
though  the  pathway  I  chose  to  follow  has  been  mainly  through  the  laboratory, 
rather  than  through  the  wards  or  clinics.  It  is  the  problem  of  bringing  clinical 
neurology  closer  to  neurophysiology  that  I  wish  to  discuss  this  evening. 

We  hear  a  great  deal  today  about  the  urgent  need  for  more  well  trained 
scientists  and  engineers,  stimulated  by  the  remarkable  achievements  of  our 
Russian  colleagues  in  atomic  and  geophysics  and  their  inauguration  of  the  age 
of  space  travel.  Less  spectacular  but  of  considerable  interest,  is  the  increasing 
volume  of  work  coming  from  So^'iet  laboratories  and  Institutes  of  Higher 
Nervous  Activity,  but  I  think  I  am  safe  in  saying  that  the  most  outstanding 
developments  in  brain  research  have  been  coming  from  laboratories  of  the 
Western  world.  This  opinion  is  shared  by  all  who  have  v  isited  Soviet  laboratories 
recently  and  who  are  most  familiar  their  publi-shed  work.  However,  the 
need  for  reconsideration  of  educational  programs  for  the  development  of  a  new 
generation  of  scientists  in  the  field  of  brain  research  is  equally  vu'gent,  in  \4ew 
of  the  broad  and  highly  technical  character  of  scientific  disciplines  needed  in 
brain  research  today  and  in  the  immediate  future. 

*  The  Israel  Wech.sler  Lecture,  presented  Dec.  13,  1957  at  the  Mount  Sinai  Hospital, 
New  York,  N.  Y. 
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The  iiour()l()<>;ist  or  iiouropsychiatrist  of  today,  as  (Migiiiocrs  or  rcsoarch  workers, 
must  keep  al)reast  of  a  bewildering  array  of  scieiitifie  disciplines  and  techniques 
if  advances  being  made  in  the  laboratory  are  to  be  brought  to  bear  upon  clinical 
practice  and  understanding  of  disorders  of  brain  function:  biophysics,  genetics, 
neurochemist  ry  and  pharniacology,  electronics  and  conununication  engineering, 
eleetrophysiology,  principles  of  atomic  physics  and  radiation,  bacteriology  and 
ininumology,  electron-microscopy  and  the  behavioral  sciences.  Most  of  us  of 
the  senior  generation  of  neurologists  feel  very  keenly  our  lack  of  adecjuate  train- 
ing in  these  fields.  Even  the  present  generation  as  they  come  to  our  lal)orato- 
ries  each  year  to  qualify  for  specialty  examinations  can  hardly  get  started 
in  productive  work  due  to  lack  of  basic  training. 

Are  we  reaching  a  stage  when  it  is  no  longer  possible  for  one  man  to  hope  to 
master  or  even  to  accjuire  an  ade(iuate  working  knowledge  of  all  the  basic  sciences 
needed  for  a  comprehensive  understanding  of  l)rain  research?  If  so,  reseai'ch 
advances  in  bits  and  pieces,  in  different  directions  (some  false),  with  a  broadening 
gap  between  laboratory  and  clinical  work. 

Attempts  at  integration  are  being  made  by  the  multiplication  of  symposia 
which  serve  a  useful  purpose.  However,  too  often  a  few  star  performers  repeat 
again  and  again  modified  versions  of  the  same  old  stories.  The  resulting  multi- 
authored  treatises  are  excellent  sources  of  information  and  opinion  l)ut  must  be 
baffling  to  the  young  student  trying  to  get  oriented  in  the  field. 

Gi'anted  that  team  work  is  necessary  in  modern  research,  is  it  not  necessary 
to  have  an  eventual  synthesis  of  information  from  more  than  one  discipline  for 
any  comprehensive  understanding  of  brain  function,  or  for  the  application  of 
laboratory  findings  to  clinical  practice?  Is  it  not  necessary  that  such  a  synthesis 
occur  in  one  brain,  rather  than  in  a  communitj'  of  brains? 

In  order  to  provide  specific  examples  let  us  review  some  of  the  major  advances 
in  neurojihvsiology  during  recent  years  with  a  consideration  of  the  impact  they 
have,  or  could  have,  upon  clinical  neurology  and  psychiatrj".  Important  progress 
is  being  made  in  two  apparently  opposite  directions;  studies  of  ultra-microscopic 
structure  and  function  by  means  of  the  X-ray  diffraction,  the  electron  microscope, 
ultramicroelectrodes,  and  microchemistry  on  the  one  hand,  and,  on  the  other 
hand,  studies  of  the  activity  of  the  intact  brain  in  luianaesthetized  animals  or 
man  in  relation  to  behavior  and  conscious  experience. 

The  electron  microscope  is  re\'ealing  a  \'ast  new  world  of  fine  structure  in  the 
nervous  system.  I  wonder  how  many  neurologists  attending  the  international 
congress  in  Brussels  imderstood  what  they  were  looking  at  in  the  beautiful 
exhibit  from  the  Institute  of  Fernandez-Moran  in  Venezuela.  I  must  confess  that 
I  did  not. 

From  the  work  of  Pallade  and  Falay,  de  Robertis  and  co-workers,  Robertson, 
Schmidt,  and  Gasser  and  their  co-workers,  we  learn  that  the  myelin  sheath, 
previously  thought  of  as  a  relatively  simple  structure,  is  composed  of  a  spiral  of 
many  tlouble  membranes,  each  of  which  is  a  relatively  complex  structure. 

The  axoplasni  of  ner\'e  fibres  has  been  shown  to  be  not  a  structureless  homo- 
geneous sul)stance  but  a  tissue  of  extraoi'dinary  complexity  witli  l)un(lles  of 
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closely  packed  neuroprotofibrils  among  which  mitochondria  and  small  dense 
granules  are  aligned. 

Studies  of  fine  fibres  reveals  an  entire  new  series  of  axons,  with  myelin  like 
sheaths,  which  probabh'  possess  distinct  and  important  functional  properties. 
In  the  brain  it  .seems  that  what  has  been  considered  fluid  space  is  filled  with 
fibrillary  nerve  and  glial  elements,  many  fibres  of  .submicroscopic  dimension.s 
(40,60  mu.). 

Studies  of  sjniaptic  junctions  have  provided  a  preci.se  picture  of  the  highly 
complex  and  varied  nature  of  contacts  between  neurones,  or  even  between  nerve 
and  glial  cells.  As  in  neuromuscular  junctions,  microsomal  particles  or  ve.sicles 
are  seen  which  may  contain  packets  of  acetylcholine  or  other  chemical  trans- 
mitter substances  ready  for  liberation  at  junctional  membranes. 

It  is  of  interest  that  the  existence  of  such  particles  or  macromolecules  was 
first  predicted  by  Katz  and  co-workers  from  microelectrode  studies  of  the 
interior  of  muscle  end  plates,  where  miniature  end-plate  potentials  were  found 
popping  along  continuously  in  an  all  or  none  manner  even  without  the  arrival 
of  nerve  impulses  along  the  axon.  Such  a  miniature  transmitting  mechanism 
between  junctional  membranes  in  the  nervous  system,  operating  even  in  the 
absence  of  nerve  impulses  maj^  be  of  far  reaching  importance  if  it  is  .shown  to 
function  in  a  similar  manner  in  the  central  ner\-ous  .system,  where  similar  vesicles 
and  particles  have  been  seen,  and  ".synaptic  noise"  has  also  been  heard  with 
intracellular  mic reelect rodes,  though  not  yet  identified  with  such  a  mechanism. 

The  growing  u.se  of  ultramicroelectrodes  to  record  resting  polarization,  post- 
synaptic potentials,  and  action  currents  both  from  the  interior  and  exterior  of 
nerve  cells,  in  relation  to  their  dentritic  environment  is  revealing  a  wealth  of 
precise  new  information  about  the  function  of  single  nerve  cells,  the  biophysics 
of  resting  and  action  potentials,  and  mechanisms  of  excitation  and  inhibition  at 
synaptic  junctures.  Such  refinements  in  electrical  recording  techniques,  when 
combined  with  precise  measurements  of  ionic  movements  and  changes  in  imped- 
ance of  cell  membranes,  together  with  microchemical  studies  of  enzymes,  and 
possibly  neurohumoral  mediators,  is  making  an  exciting  and  rapidly  moving 
story  of  progre.ss  in  our  knowledge  of  the  intimate  mechanisms  of  nerve  func- 
tion. Application  of  such  techniciues  to  the  brain  are  only  beginning  but  it  is 
already  abundantly  clear  that  brain  waves,  as  recorded  in  the  electroencephalo- 
gram or  with  gro.ss  electrodes  on  or  within  brain  ti.ssue  cannot  be  directl.y  related 
in  a  simple  manner  to  the  firing  of  nerve  cells,  but  we  will  return  to  this  point 
later. 

We  need  mention  only  in  passing  the  rapid  developments  in  neurochemistry 
and  neuropharmacology  which  are  the  subject  of  the  present  meeting  of  the 
Association  for  Re.search  in  Xervous  and  Mental  Diseases,  and  which  has  been 
the  subject  of  several  recent  symposia.  There  can  be  little  doubt  that  we  are 
here  on  the  verge  of  a  major  "break  through",  as  they  would  call  it  in  Washing- 
ton. 

You  are  all  familiar  with  the  serotonin  story  as  told  so  beautifully  here  by 
Dr.  Wooley  two  years  ago,  and  elaborated  by  Marrazzi,  Uddenfriend  and  their 
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ro-\vork(M's.  Of  equal  importance  is  the  story  of  the  central  actions  of  adrenaline 
and  its  l)reak  down  ))r()ducts  as  related  to  psychotogenic  compounds,  effects 
which  may  he  counteracted  l)y  an  ataraxic  drug  such  as  Reserpine.  As  Di-.  Kline 
has  so  aptly  stated,  "At  no  time  in  the  past  has  the  prospect  for  the  under- 
standing of  mental  and  emotional  aberrations  been  as  promising  as  it  is  today." 
I  would  like  to  add,  that  essential  to  this  understanding  is  knowledge  of  the 
physiological  action  of  these  drugs  being  pursued  intensively  in  many  labora- 
tories. These  chemical  sul).stances,  some  of  which  can  be  derived  from  extracts 
of  the  brain  it.self,  pro\ide  experimental  tools  which  may  make  possible  the 
disco\'ery  of  changes  in  function  of  individual  elements  and  .synaptic  circuits  in 
the  brain,  which  result  in  psychotic  behaviour. 

Of  equal  interest  and  importance  is  the  story  of  (!amma  Aminobutyric  acid 
or  GABA  and  related  amino  acids  known  for  some  time  as  being  important 
constituents  of  brain  tissue,  and  now  .shown  to  have  .strong  and  selective  actions 
upon  the  activity  of  dendrites  and  cells  of  the  cerebral  cortex.  Emphasis  is  placed 
upon  inhibitory  substances  by  the.se  studies,  a  welcome  change  from  the  exclu- 
sive emphasis  upon  excitatory  substances  in  the  past.  Of  particular  intere.st  is 
the  fact  that  substances  with  a  selective  inhibitory  action,  such  as  LSD,  result 
in  hallucinations. 

Correlated  with  this  di.M-overy  are  the  remarkable  observations  made  in 
Professor  Hebb's  laboratories  at  McGill,  and  repeated  by  Dr.  Lilly  in  Bethesda, 
of  the  striking  mental  disorders  with  active  hallucinations  which  result  from 
simple  prolonged  isolation  with  diminished  amount  and  variability  of  sensory 
input  in  the  environment.  Such  experiments  were  begun  in  an  efl'ort  to  under- 
stand mechanisms  of  "brain  wa.shing"  and  the  effects  of  monotonous  watches 
in  lonely  outposts  of  our  north  country.  They  were  almost  too  successful  with 
some  of  the  college  students  serving  as  paid  subjects.  This  was  a  dramatic  demon- 
stration of  the  dependence  of  the  brain  upon  a  normal  varied  sensory  input  for 
its  rational  functioning.  One  can  only  surmise  what  the  effects  might  be  when 
distorted  sensory  input  is  combined  with  limitation  and  monotony  of  environ- 
mental stimuli  such  as  might  occur  in  prolonged  space  travel. 

This  brings  us  to  studies  of  functional  .systems  of  neurones  in  the  intact 
brain,  or  spinal  cord. 

Recently  I  visited  an  Electronic  Re.search  Laboratory  on  our  campus  which 
I  thought  might  help  us  with  .-^ome  electronic  problems  in  our  neurophysiologj' 
laboratory.  I  found  that  this  laboratory  was  engaged  in  research  on  the  move- 
ments of  electrons  in  the  design  or  use  of  electronic  circuitry.  This  was  done 
for  them  by  the  Engineering  Department.  So  it  is  with  brain  research.  Those 
interested  in  microstructure  and  function  of  single  elements  of  the  nervous  system 
are  .seldom  interested  in  functional  systems  of  neurones  in  the  intact  brain. 

Ejlercnt  Control  of  Sentiorij  Systems 

One  of  the  most  interesting  developments  in  neurophvsiology  during  recent 
years  is  the  demonstration  of  a  central  control  on  peripheral  sensory  pathways. 
This  control  is  exerted,  as  you  probably  know,  either  upon  the  sensitivity  of 
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sense  organs  themselves  or  as  a  regulator  of  the  exritability  of  the  first  sensory 
relay  station.  The  most  striking  example,  and  the  one  best  documented,  is  the 
gamma  efferent  system  controlling  the  bias  or  sensitivity  of  stretch  receptors  in 
the  muscle.  The  pioneer  work  of  Leksell,  Kuffler,  Hunt,  Granit,  Kaada  and 
others  has  served  to  clarify  the  mechanism  of  action  of  this  efferent  system  and 
its  connections  with  the  higher  nervous  centres. 

This  mechanism  is  of  major  importance  to  clinical  neurology'  in  view  of  our 
daily  concern  with  the  activity  of  the  stretch  reflex  and  spasticity  or  tone  in 
peripheral  muscles.  It  is  of  considerable  importance  for  us  to  realize  that  many 
descending  tracts  from  the  cerebellum,  brain  stem,  basal  ganglia  and  cerebral 
cortex,  seem  to  have  their  primary  action  on  the  gamma  motor  system  affecting 
the  sensitivity  of  muscles  to  stretch,  and  only  with  somewhat  stronger  excitation 
is  a  direct  action  .shown  on  the  alpha  motor  system  or  lower  motor  neurones. 

Just  in  what  manner  this  new  conception  of  control  of  spinal  reflexes  and 
tone  is  to  be  incorporated  into  our  thinking  regarding  variations  and  stretch 
reflexes  with  various  lesions  of  the  central  nervous  sy.stem  has  yet  to  be  worked 
out  but  this  is  certainly  a  problem  worthy  of  a  co-operative  endeavour  between 
the  clinical  neurologi.sts  and  the  neurophysiologists. 

The  extension  of  this  principle  to  other  sensorj^  systems  .such  as  somatic, 
auditory  and  olfactorj^  and  vi.sual,  as  summarized  recently  hy  Granit  in  the 
Silliman  lectures,  provides  us  with  a  new  and  somewhat  revolutionary  concep- 
tion of  central  control  of  sensory  processes.  It  proxades  a  mechanism  whereby 
the  sensiti\'ity  of  our  sensory  .systems  may  vary  as  a  result  of  disorders  in  their 
efferent  control  in  a  manner  perhaps  similar  to  the  disorders  of  reflexes  and 
muscle  tone  so  familiar  to  the  clinical  neurologist.  It  certainly  has  a  bearing  on 
studies  such  as  have  been  carried  out  by  Dr.  Bender  in  relation  to  parietal  lobe 
function  with  simultaneous  pre.sentation  of  stimuli  to  the  two  sides  of  the  body. 
Consideration  of  these  efferent  mechanisms  in  other  .sensory  s\'stems  as  well 
as  the  somatic  sj^stem  in  relation  to  cerebral  lesions  may  well  give  us  a  great 
deal  of  in.sight  and  new  interpretative  principles  for  certain  neurological  signs 
and  symptoms.  Just  to  what  degree  these  efferent  mechanisms  may  operate  in 
the  functions  of  attention,  remains  yet  to  be  shown  although  they  do  seem  to  be 
rather  labile  and  specific  to  a  degree  though  perhaps  not  to  a  .sufficient  degree  to 
explain  the  more  complicated  selective  pi'ocesses  of  attention  which  depend 
upon  the  qualitative  aspects  of  a  stimulus  pattern. 

One  could  hardh^  .select  topics  of  importance  to  our  thinking  about  research 
on  nervous  .system  organization  without  mentioning  the  extensive  work  during 
recent  years  on  the  brain  stem  reticular  .system.  I  need  not  elaborate  on  this 
subject  since  as  a  summary  of  this  field  has  recently  been  given  in  Xew  York 
City  in  the  Salmon  lectures  by  Professor  ^Magoun,  and  in  the  Detroit  symposium. 
I  am  sure  you  will  all  agree  that  the  brain  .stem  reticular  system,  alias  the  cen- 
trencephalic  system  of  Penfield  or  perhaps  better  even,  the  central  internuncial 
.system  of  Olszewski  has  been  one  of  the  most  stimulating  de\'elopments  in 
neurophy.siology  during  recent  years.  It  has  initiated  wide  variety  of  research 
in  anatomy,  physiology,  and  p.sychology,  giving  us  a  clearer  conception  of  mecha- 
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iiisms  of  action  of  plianu:i('olo<j;ical  agouts  and  nioclianisnis  particularly  related 
at  the  higher  mental  process's  in  conscious  behaviour  and  learning.  Xot  the 
least  of  its  influences  has  been  its  stimulus  to  extensive  speculation  al)()ut  the 
higher  integrative  process(>s  of  the  brain,  some  which  will  undoubtedly  need  to 
l)e  grossly  modified  in  the  light  of  future  work. 

The  evolution  of  the  conception  of  the  central  activating,  or  integrating  func- 
tion of  the  brain  .stem  reticular  formation  is  a  fascinating  story  of  the  convergence 
of  clinical  observations  and  experimental  studies  in  the  laboratory.  From  clinical 
and  neurosurgical  observations,  particularly  on  patients  with  epilepsy,  and  from 
electroencephalographic  studies,  Penfield  postulated  a  centrencephalic  .system 
as  a  necessary  working  hypothesis  to  explain  the  manifestations  of  certain 
kinds  of  seizure  and  the  organization  of  the  brain  as  a  whole  in  conscious  mental 
activity.  Working  from  the  lower  end  of  the  reticular  system,  Magouii  and  his 
colleagues  with  Moruzzi,  worked  out  many  of  the  functional  properties  of  all 
levels  of  this  central  intermmcial  system.  Undoubtedly  certain  of  our  conceptions 
of  the  function  of  this  .system  are  .still  naive  but  it  is  a  model  of  collaborative 
effort  between  clinicians,  neurophysiologists  and  anatomists. 

Most  important  for  future  progress  in  this  field  are  the  combination  of  studies 
of  the  fine  structure  and  function  of  this  system  as  exemplified  by  the  work  of 
the  Scheibels,  Moruzzi  and  Amassian — and  the  elect  ron  microscopists  mentioned 
above;  with  progress  in  new  techniques  of  study,  new  prin(  ipl(\s  of  interpretation 
which  will  not  be  long  in  forthcoming. 

Another  aspect  of  the  physiology  of  the  .sensory  system,  deserving  mention 
because  of  the  general  principles  involved,  is  the  recent  demonstration  of  impor- 
tant inhibitory  components  of  sensory  excitation.  It  was  first  shown  in  the  retina 
by  Kuffler  and  Hartline  that  excitation  of  a  central  zone  was  accompanied  l)y 
inhibition  of  surrounding  retinal  elements.  Recently  Mountcastle  has  beautifully 
demonstrated  that  the  same  principle  applied  for  tactile  stimulation  of  the  skin. 
Recording  the  response  of  single  cells  in  the  sensory  cortex,  he  was  al)le  to  shf)w 
that  a  given  cell  may  be  related  to  a  small  restricted  area  of  the  skin  while 
sin-rounding  cells  may  become  inhibited  when  stimulating  this  same  point. 
Recently,  I  under.stand,  a  .similar  principle  of  a  central  excitatory  zone  surrounded 
by  inhibited  elements  has  been  shown  for  reflex  activity  of  the  spinal  cord. 

Some  such  principle  of  .selective  central  excitatory  .state  with  surrounding 
inhibition  has  been  postulated  l)y  Penfield  recently  in  his  Academy  lecture  here, 
in  order  to  explain  the  selective  activation  of  particular  recollections  to  the 
exclusion  of  others  when  stimulating  the  temporal  cortex  in  man.  A  similar 
hypothesis  has  been  used  by  Russian  colleagues  in  the  theories  of  conditioned 
reflexes.  This  is  an  important  generalization  which  may  hiive  widespread  impli- 
cations for  understanding  of  selective  functions  of  the  brain  with  particular 
reference  to  mechanisms  of  leciprocal  excitation  and  inhibition  in  the  refinement 
of  sensory  discrimination  or  in  the  selection  of  neuronal  cii-cuits  inxolved  in  the 
conscious  reproduction  of  specific  memories. 

There  is  another  fascinating  story  of  brain  research  which  should  not  be 
omitted  from  this  brief  surv(\v  and  that  is  the  story  of  cortical  dendrites.  This 
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story  is  most  elofiueiitly  told  by  George  Bishop,  and  in  a  quite  different  version 
by  Griindfest,  in  their  recent  comprehensive  reviews  of  the  evidence  that  the 
properties  of  cortical  deiKhites  are  quite  specific  and  distinct  from  those  of 
axons. 

The  masses  of  dendrites  which  make  up  the  larger  part  of  the  brain  relative 
to  ner\'e  cells  appeared  to  have  properties  of  graded  responsiveness  with  excita- 
tory states  which  may  be  built  up  by  a  successive  post-synaptic  activation  and 
they  may  retain  sustained  levels  of  steady  depolarization  over  considerable 
periods  of  time.  This  then  becomes  another  parameter  of  central  integrative 
processes  which  is  not  dependent  upon  the  circulation  of  impulses  in  nerve  nets 
but  rather  upon  the  building  up  of  excitatory  states  in  the  fibrillary  dendritic 
meshwork  of  the  brain.  These  may  be  transient  rhythmic  waves  of  depolarization 
which  are  probably  the  major  component  of  the  electroencephalogram  or  they 
may  be  long  lasting  sustained  levels  of  polarization  such  as  are  seen  when  direct 
current  recording  is  made  of  the  cortical  surface  relative  to  the  depth.  This  then 
gi\-es  us  what  the  communication  engineer  would  refer  to  as  an  analogue  proce.ss 
in  the  mechanism  of  cerebral  action  as  distinct  from  the  digital  transmi.ssion  of 
messages  over  axonal  fibre  systems. 

This  hypothesis  has  been  elaborated  in  considerable  detail  by  Drs.  Griindfest 
and  Purpura,  with  the  addition  of  the  conception  that  both  excitatory  and  inhibi- 
tory post-synaptic  potentials  may  summate  in  the  dendritic  system  of  the  cortex. 
The  addition  of  inhibitory  wa\-es  is  a  ver\^  important  conception  and  there  is  a 
growing  body  of  evidence  in  its  favour.  Recently,  in  our  laboi'atorj',  we  have  been 
trying  to  test  this  hypothesis  with  microelectrode  records  of  the  discharge  of 
cortical  cells  recorded  simultaneously  with  dendritic  waves  as  effected  by  the 
local  application  of  Gamma  Aminobutyric  acid.  Although  we  were  ciuite  .sceptical 
at  the  outset,  I  must  confess  that  we  ha\'e  now  been  able  to  show  that  not  onlj' 
are  the  cortical  respon.ses  changed  in  electrical  sign,  from  negative  to  positive, 
but  associated  with  this  change  there  may  be  an  inhibition  of  cortical  cell  dis- 
charge. In  pre\'ious  studies  we  have  also  observed  that  certain  large  long  sustained 
waves  or  steady  states  of  polarization  recorded  from  the  surface  of  the  cortex 
might  be  associated  with  inhibition  rather  than  excitation  of  cell  discharge  in 
the  depths  of  the  cortex.  It  seems  quite  clear  therefore  that  post-synaptic  poten- 
tials in  cortical  dendrites  may  have  either  excitatory  or  inhibitor}^  action.  This 
implies  that  the  waves  recorded  on  the  cortical  surface  in  the  EEG  may  be  also 
either  of  excitatory  or  inhibitory  function  relative  to  the  activity  of  the  cortical 
cells  enmeshed  in  their  network.  Implications  for  an  understanding  of  the  EEG 
in  certain  kinds  of  epileptic  seizure  should  be  obvious,  if  confirmed  in  epileptic 
patients  themselves. 

I  don't  mean  to  imply  that  progress  in  our  understanding  of  brain  function 
depends  solelj'^  upon  such  highly  advanced  techniques  based  upon  proficiency 
in  the  physical  sciences.  One  has  only  to  cite,  for  example,  the  continued  produc- 
tiveness of  Dr.  Penfield  with  his  astute  observations  of  the  responses  of  a  con- 
scious patient  to  the  electrical  stimulation  of  his  exposed  cerebral  cortex,  or  the 
observations  of  Penfield,  Scoville  and  Milner,  on  lo.ss  of  ability  to  record  and 
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locall  imiiu'diatc  exporiciico  t'oUowinu;  removal  of  the  hippocanipal  portions  of 
t\w  brain  in  man.  Tlic  sij^nificancc  of  such  observations  for  our  understanding  of 
brain  mechivnisnis  underlying  memory  recording  depends,  however,  upon  a 
much  more  detailed  and  refined  neurophysiology  and  microanatomical  study 
possible  only  with  modern  l)i()physical  methods,  and  eviMi  upon  such  methods 
yet  to  be  developed.  Such  neurosurgical  observations  set  the  pr()l)lems  clearly, 
but  other  methods  must  be  used  for  their  solution. 

One  could  cite  many  other  examples  of  the  continued  productiNcness  of  the 
ablation  method  of  studying  bruin  dysfunction.  But  after  it  has  i)een  cut  into 
pieces  someone  has  to  put  it  back  together  again  in  a  functional  whole.  This  is 
.•seldom  tlone  in  a  satisfactory  manner. 

One  might  mention  also  the  promising  neurosurgical  treatment  recently  devel- 
oped for  Parkinsonism  and  other  dyskinesias,  but  who  would  be  rash  enough  to 
pretend  to  really  undeistand  neurophysiological  mechanisms  of  disorders  of 
motor  systems?  Here  we  find  some  of  the  foundation  stones  of  traditional  clinical 
teaching  and  practice,  the  pyramidal  and  extrapyramidal  syndromes,  under 
serious  attack  by  some  of  our  most  experienced  and  critical  colleagues.  (I  refer 
here  to  th(>  recent  article  by  liucy  in  lirain,  entitled  "Is  there  a  pyramidal 
tract?"). 

Some  clinicians  are  concerned  about  the  growing  dependence  upon  the  labora- 
tory for  diagnosis  and  guides  to  treatment.  It  is  true  that  laboratory  data  may 
lead  us  astray,  especially  when  interpreted  by  inexperienced  men.  None  of  us 
seek  the  advice  of  an  neurophysiologist  if  we  begin  to  have  fits  or  weakness  in 
one  hand.  But  the  clinician  has  to  have  more  than  a  superficial  knowledge  of 
laboratory  data  to  be  able  to  use  it  critically,  and  to  permit  real  progress  in  his 
understanding  of  neurological  diseases. 

Conclusions 

I  have  presented  this  brief  re\'iew  of  some  of  the  highlights  of  brain  research 
today  to  illustrate  the  high  degree  of  competence  in  basic  physical  sciences  needed 
to  do  significant  work  in  these  fields.  The  great  majority  of  medically  qualified 
men,  specializing  in  neurology,  neurosurgery,  or  psychiatry  are  quite  unqualified 
to  carry  out  such  research  unaided.  Electron-microscopy,  the  use  of  ultramicro- 
electrodes,  advanced  biophysical  and  neurochemical  measurements  and  analyses 
recjuire  far  more  training  than  can  l)e  pro\  ided  in  the  one  year  of  laboratory  work 
now  required  for  graduate  certification  in  these  specialties.  Attempts  to  conduct 
basic  research  in  institutes  with  an  endless  stream  of  such  fellows  flowing  through 
our  laboratories  is  becoming  increa.singly  difhcult.  And  yet  competence  and 
experience  in  clinical  work  is  also  essential  if  the  work  of  the  laboratories  is  to  be 
intelligently  applied  to  the  understanding  of  nervous  and  mental  disease  in  man. 
Even  intelligent  communication  between  the  laboratorj-  and  clinical  worker  is 
often  difficult  or  impossible.  This  is  the  modern  dilemma. 

In  .spite  of  the  many  brilliant  and  promising  advances  mentioned  al)ove  there 
are  some  fields  of  investigation  which  may  well  have  reached  a  dead  end  unless 
new  methods  are  developed  for  the  analysis  or  synthesis  of  the  multitude  of 
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detailed  data  which  can  now  be  obtained  from  the  living  brain  in  relation  to 
even  simple  forms  of  behaviour,  learning  and  conscious  mental  processes. 

I  am  thinking  particularly  of  studies  we  have  been  currently  engaged  in  which 
consist  of  recording  the  discharge  patterns  of  single  brain  cells  during  conditioning 
experiments  in  the  monkey.  With  billions  of  cells  in  constant  interrelated  activity, 
the  problem  of  obtaining  statistically  significant  samples  from  all  portions  of 
the  brain  participating  in  the  establishment  of  the  simplest  form  of  conditioned 
response  is  a  formidable  one.  We  are  then  faced  with  working  out  temporal  and 
spacial  relationships  between  activities  occurring  simultaneously  in  many  parts 
of  the  brain.  Consideration  must  be  given  not  only  to  firing  patterns  of  thousands 
or  millions  of  individual  cells  but  the  longer  lasting  changes  in  the  dendritic  or 
synaptic  network  of  the  brain  in  which  the  cells  are  enmeshed,  before  one  can 
even  formulate  satisfactory  working  hypothesis  regarding  the  true  neurophysio- 
logical  basis  of  brain  function  in  relation  to  learning  or  the  higher  mental  proc- 
es.ses.  The  technique  of  implanting  dozens  of  stimulating  and  recording  elec- 
trodes in  the  brain  to  permit  studies  during  a  complex  behaviour  and  learning 
is  an  important  step  forward  in  the  study  of  physiological  reactions  more  closely 
related  to  normal  function. 

Analogies  in  the  form  of  electronic  models  or  computing  machines  and  the 
most  advanced  development  in  communication  engineering  deserve  serious 
study  but  only  study  of  the  brain  itself  will  give  the  true  answers,  and  even  with 
all  the  ingenuity  of  modern  scientific  methods,  I  suspect  the  brain  will  always 
withold  from  us  its  most  intimate  secrets. 

There  must  be  a  reason  why  many  of  our  better  scientific  minds  in  neuro- 
physiology tend  to  avoid  brain  research  as  such.  Some  have  started  work  on 
the  brain  and  given  it  up  for  more  simple  preparations  due  to  difficulties  in 
obtaining  clear,  simple,  well  controlled  observation  (e.g.,  Matthews,  Lorente 
de  No).  Others  have  taken  the  point  of  view  that  the  brain  was  after  all  onh'  a 
collection  of  nerve  cells,  and  therefore,  study  of  isolated  nerve  cells  outside  the 
brain  under  controlled  conditions  should  give  all  the  answers  of  importance, 
assuming  properties  of  nerve  cells  must  be  general.  This  is  understandable  for 
men  with  clear  thinking  minds  and  high  standards  of  scientific  accuracy.  It  is 
also  true  that  principles  of  nerve  cell  function  derived  from  exact  studies  of 
isolated  cells  such  as  the  stretch  receptor  neurone  of  the  crayfish  may  well  yield 
principles  applicable  to  excitatory  and  inhibitory  processes  in  the  nerve  cells  and 
dendrites  in  the  cerebral  cortex.  However,  this  must  be  tested  in  the  cerebral 
cortex  itself  and  by  the  same  precise  methods.  It  is  here  much  more  difficult. 
And  then  there  are  the  many  problems  of  the  functional  organization  of  systems 
or  assemblies  of  neurons  which  have  to  be  studied  in  the  brain  itself. 

It  is  unfortunate,  however,  that  those  with  the  highest  skills  and  training  in 
the  physical  sciences  should  tend  to  avoid  the  more  difficult  problem  of  studj^  of 
the  brain  itself.  (Of  course  there  are  notable  exceptions  to  this  rule.)  With  the 
modern  techniques  now  becoming  available,  it  would  now  seem  that  controlled 
observations  may  be  possible  and  we  would  hope  that  more  attention  to  the 
organization  of  cerebral  activity  be  given  by  the  men  most  competent  to  deal 
with  the  complicated  methods  necessary  in  such  research. 
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Finally,  I  would  like  to  urge  that  wo  coiisidor  tlu>  traiuiufj;  of  scientists  for  brain 
research  of  e(iual  importance  to  training  for  research  in  intercontinental  missiles 
or  space  travel.  The  neetl  for  training  in  the  physical  sciences  for  continued 
progress  in  brain  research  is  equally  important,  and  woefully  inade((uate.  There 
is  no  greater  challenge.  The  rewards  are  great  in  both  scientific  and  human 
\'ahies,  which  must  be  kept  foremost  if  we  are  to  successfully  defend  our  way  of 
life. 

I  can  no  longer  speak  for  this  country,  but  nortli  of  the  border,  in  Canada, 
w  e  are  pretty  well  pleased  with  ourselves  and  our  way  of  life,  but  we  are  beginning 
to  feel  serious  concern  as  to  the  relative  value  we  are  placing  upon  men  and 
institutions  producing  men  of  science,  and  in  medicine,  the  relative  value  of  men 
who  produce  new  understanding  and  methods  of  treatment  as  compared  with 
those  engaged  in  its  distribution.  South  of  the  border,  I  am  told,  that  oppor- 
tunities and  support  for  brain  research  are  increasing  more  rapidly  than  is  the 
training  of  competent  men  to  accept  them,  due  largely  to  the  remarkable  increase 
in  government  support  of  such  work  during  recent  years.  I  feel  confident  that 
once  the  reciuirements  are  recognized  they  can  be  fulfilled.  We  can  only  hope 
that  some  of  our  best  scientific  brains  will  be  devoted  to  brain  research  itself, 
and  that  clinical  applications  will  not  fall  behind. 
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Osteomalacia  has  been  described  in  the  western  world  particularly  in  associa- 
tion with  renal  tubular  abnormalities  (1,  2,  3)  and  with  intestinal  absorptive 
defects  as  a  result  of  diseases  of  the  small  bowel  and  biliary  tract  (3,  4,  5,  6). 
So  far  as  we  have  been  able  to  determine  after  a  search  of  the  literature,  carcinoma 
of  the  pancreas  coexistent  with  osteomalacia  has  not  been  encountered.  We 
wish  to  present  such  a  case  and  to  discuss  whether  the  two  conditions  may  be 
etiologically  related . 

CASE  REPORT 

M.  A.  (MSH  ^  oGoI4),  a  62  year  old  German-born  waiter,  was  admitted  to 
the  Moimt  Sinai  Hospital  for  the  second  time  in  November,  1955,  with  complaints 
of  bone  pains  since  about  1940,  deformity  of  his  body  since  about  1953,  and 
dyspnea  and  weight  loss  for  six  months  prior  to  his  admission. 

In  1940,  while  in  a  German  concentration  camp  during  World  War  II,  he 
sustained  various  physical  abuses  and  subsisted  on  a  diet  deficient  especially  in 
milk  and  vegetables.  He  began  to  complain  of  generalized  body  aches  and  pains 
at  this  time.  In  1951,  because  of  persistence  of  these  complaints,  and  especially 
of  low  back  pain  and  weakness  of  his  lower  extremities  with  difficulty  in  walking, 
he  was  admitted  to  the  Mount  Sinai  Hospital  on  the  neurological  service.  At 
that  time,  neurological  examination,  including  a  myelogram,  was  negative. 
Roentgenograms  of  the  spine  and  lower  extremities  did  reveal,  however, 
"osteoporosis"  in  the  feet  and  spinal  osteoarthritis. 

Subsefiuent  to  his  discharge  from  the  hospital,  pains  in  the  shoulders,  hips, 
all  extremities,  and  trunk  persisted  and  finally,  three  years  prior  to  his  last 
admission,  he  was  given  cortisone  by  his  physician.  This  was  continued  for  about 
one  year,  in  doses  varying  from  25  to  100  mg.  per  day.  After  one  year  of  cortisone 
administration,  his  "chest  collapsed"  resulting  in  marked  deformity  of  his 
thoracic  cage  and  a  three  to  four  inch  loss  in  height.  From  this  time  on,  the 
patient  required  crutches  for  walking.  About  six  months  prior  to  the  last  admis- 
sion he  began  to  develop  peripheral  edema  and  exertional  dyspnea,  as  well  as 
anorexia,  emesis  of  ingested  food  and  fluid,  and  weight  loss  (his  weight  fell  from 
180  to  120  pounds  in  the  six  months  prior  to  admission). 

Physical  examination  on  admission  to  the  medical  service  revealed  a  tempera- 
ture of  99.4°  F.,  pulse  of  120  with  frequent  premature  beats,  respirations  of  24 
per  minute.  Blood  pressure  was  130/80.  The  patient  was  an  emaciated,  somewhat 
dyspneic  white  male  with  a  striking  deformity  of  the  trunk  characterized  by  a 
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markpd  dorsal  kyphoscoliosis  to  the  left,  a  doprossod  upper  anterior  stenuiiu, 
with  leftward  deviation  and  anterior  howin}^  of  the  lower  i)ortion  of  the  sternum. 
The  neck  veins  were  moderately  distended  with  a  positive  hepato-juf>;ular  reflux. 
The  lungs  revealetl  a  few  fine  moist  ha.sal  rales.  The  heart  was  de\  iated  to  the 
left  with  fre(iuent  premature  heats  audible  on  auscultation.  The  liver  was 
palpable  two  cm.  below  the  n^\\\  costal  mar>!;in  and  was  moderately  tender.  In 
the  left  upper  (luadrant  was  a  hai'd  mass,  relatively  smooth  in  contour,  extending 
down  from  the  left  costal  margin  about  10  cm.  and  descending  slightly  on  deep 
inspiration.  The  lower  extremities  .showed  weakness  and  limitation  of  motion  as 
well  as  muscle  atrophy  and  diminished  deep  tendon  reflexes. 

On  admission,  the  patient  presented  a  problem  in  relation  to  coiigesti\-e  heart 
failure,  bony  deformity,  and  the  nature  of  the  left  upper  alxlominal  mass. 
Initial  laboratory  data  revealed  the  following:  Hemoglobin  14  grams  per  100 
ml.;  white  blood  count  5,()(X)  per  cu.  mm.;  urine  albumin  1  plus,  blood  urea 
nitrogen  Hi  mg.  per  100  ml.;  fasting  blood  sugar  !)4  mg.  per  100  ml.;  carbon 
dioxide  content  of  pla.sma  27  niEq.  per  liter;  pla.sma  chloride  98  niEq.  per  liter; 
serum  albumin  gm.  per  100  ml.;  serum  globulin  gm.  per  100  ml.;  serum 
calcium  9.7  mg.  per  100  ml.;  serum  pho.-^phorus  0.5  mg.  per  100  ml;  serum 
alkaline  phosphata.se  9.4  King-Armstrong  units  (normal  value);  prothrombin 
time  18.51  seconds  with  control  of  11  (two  subsequent  determinations  revealed 
values  of  1(5.5  and  1(5  .seconds  with  a  control  of  12  .seconds);  erythrocj'te  setlimen- 
tation  rate  (Westergren  Method)  4  mm.  per  hour;  stool  guaiac  reaction  trace, 
(tastric  analysis  .showed  free  acid.  Radiographic  study  of  the  bones  showed 
severe  demineralization  and  .symmetrically  placed  pseudofractures  involving 
the  femora,  humeri,  ribs,  tibiae,  with  true  fractures  in  some  areas  as  well. 

Thus  initial  laboratory  data  indicated  the  presence  of  osteomalacia,  with 
normal  serum  calcium  and  alkaline  phosphatase  levels  and  markedly  diminished 
serum  phosphorus  level. 

Further  studies  were  done  to  evaluate  the  cause  of  the  osteomalacia.  On  a 
Bauer-Aub  diet,  with  dietary  ctilcium  restricted  to  about  100  mg.  per  daj',  the 
patient  excreted  18  mg.  of  calcium  in  a  .seventy-two  hour  urine  specimen.  Phos- 
phorus excretion  in  this  time  was  597  mg.,  a  value  within  the  normal  to  low  range 
on  such  a  diet  (where  phosphorus  intake  may  vary  from  500  to  1000  mg.  per  day). 
Varioustests  of  liver  function  such  as  cephalinflocculat  ion  test  andbromsulphaleiu 
test  were  noimal.  A  glucose  tolerance  test  revealed  a  fasting  value  of  9(5  mg.  per 
100  ml.  with  values  at  one-half  hour  of  1 17,  at  one  hour  of  158,  at  two  hours  of 
151,  and  at  three  hours  of  150.  Duodenal  aspiration  foi-  study  of  pancreatic 
secretion  revealed  no  evidence  of  pancreatic  secretion  even  after  secretin.  A 
vitamin  A  tolerance  test  .showed  a  normal  absorption  curve,  although  the 
fa.sting  vitamin  A  level  was  low.  Fasting  level  was  21  micrograms  per  100  ml., 
at  four  hours  (50,  at  eight  hours  152,  at  ten  hours  118.  The  carotene  level  of  blood 
was  low  normal  (42  micrograms  per  100  ml.).  After  oral  ingestion  of  Lipiodol,® 
the  urine  was  po.sitive  for  iodine  in  dilutions  of  1:1  and  1 :2,  findings  which  in- 
dicated inadequate  ab.sorption  of  the  Lipiodol®  (7).  Several  Sudan  III  stains  of 
stool  were  done,  some  of  which  revealed  excess  amounts  of  neutral  fat. 

The  patient's  early  course  in  the  hospital  was  characterized  by  repeated  vomit- 
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ing  and  the  development  of  metabolic  alkalosis  (the  serum  carbon  dioxide  content 
rising  to  35  mM.  per  liter).  A  gastrointestinal  series  revealed  duodenal  obstruction 
and  narrowing  at  the  ligament  of  Treitz  by  an  extrinsic  mass,  with  proximal 
gastric  and  duodenal  dilatation.  Therefore,  on  December  23,  1956,  about  one 
month  after  admission  a  gastroenterostomj^  was  performed.  At  operation,  the 
surgeon's  presumptive  diagnosis  was  carcinoma  of  the  pancreas.  The  patient's 
poor  condition  precluded  taking  a  biopsy. 

Thereafter,  therapy  was  mainly  symptomatic  in  nature.  Repeated  paracentesis 
became  necessary,  because  of  recurrent  ascites.  Intramuscular  vitamin  D  (Hyder- 
itol®)  was  given  in  a  dose  of  200,000  units  per  day;  orally,  the  patient  was  given 
a  multivitamin  preparation  (Polyvisol®  0.6  cc.  per  day)  as  well  as  supplemental 
calcium  salts. 

On  this  regimen,  the  patient's  serum  calcium,  after  two  months,  w'as  8.8  mg. 
per  100  ml.  (at  a  time  when  the  albumin  was  2.6  gm.  per  100  ml.),  and  the 
phosphorus  had  risen  to  2.0  mg.  per  100  ml.,  with  the  alkaline  phosphatase  still 
at  11.  X-ra\'  examination  of  the  bones  showed  no  change.  A  repeat  urine  calcium 
determination  on  a  Bauer-Aub  diet  showed  now  an  excretion  of  134  mg.  of 
calcium  in  seventy-two  hours. 

The  patient  died  six  months  after  admission.  At  postmortem  examination, 
there  was  an  infiltrating  scirrhous  carcinoma  of  the  body  and  tail  of  the  pancreas, 
with  invasion  of  the  splenic  hilum,  the  lesser  curvature  of  the  stomach,  the  left 
renal  capsule,  the  upper  pole  of  the  left  kidney,  and  the  left  adrenal.  There  was 
complete  occlusion  of  the  portal  vein  and  splenic  vein.  The  main  pancreatic  duct 
was  completely  occluded  by  tumor,  except  for  the  last  2.5  cm.  leading  into  the 
duodemnn.  The  duct  of  Santorini  was  not  identified.  On  microscopic  examination, 
the  head  of  the  pancreas  was  found  to  be  infiltrated  by  scirrhous  carcinoma  as 
well. 

The  liver  and  small  intestine  showed  no  significant  abnormalities. 

The  bones  .showed  a  marked  degree  of  softening  and  the  deformities  of  the 
sternum,  vertebral  column,  and  ribs  described  clinically.  The  number  of  bon}' 
trabeculae  was  reduced.  They  were  atrophic  and  the  Haversian  systems  were  not 
well  discerned.  There  was  no  evidence  of  osteoblastic  or  osteoclastic  activity. 
The  marrow  was  diffusely  fatty.  There  were  areas  of  osteosclerosis  in  the  sternmn 
and  vertebrae.  No  typical  osteoid  tissue  was  found. 

DISCUSSION 

This  patient  presented  the  classical  clinical  picture  of  osteomalacia,  demon- 
strating severe  structural  deformity,  multiple  symmetrical  "pseudofractures"  (8), 
and  the  chemical  findings  of  low  serum  phosphorus,  normal  to  slightly  reduced 
serum  calcium,  normal  to  slightly  elevated  serum  alkaline  phosphatase,  and 
markedly  decreased  urinar\^  excretion  of  calcium.  The  pseudofractures  ("um- 
bauznnen"),  thought  to  be  due  to  pressure  by  nutrient  arteries  on  weakened 
bone  (9),  are  well  shown  (Fig.  1).  The  striking  thoracic  deformity  (Fig.  2), 
frequently  an  accompaniment  of  advanced  osteomalacia,  is  demonstrated  in 
this  patient  as  well,  and  is  associated  with  cardiac  strain  resulting  in  heart 
failure — a  condition  seen  in  comparable  cases  reported  from  China.  (10) 
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Fig.  1.  Fractures  and  jjscMuio  fractures  of  femora  and  pelvis.  Diffu.se  decalcification. 


Fig.  2a  Fig.  2b 

Fig.  2A.  Photograph  of  patient  taken  in  1951. 
Fig.  2B.  Photograph  of  jiatient  taken  in  December,  1955. 

Reports  by  Dent  (1),  Fancoui  (11),  and  others  (2),  have  emphasized  renal 
factors  in  the  etiology  of  the  osteomalacic  syndromes.  A  specific  defect  in  the 
renal  tubular  reabsorption  ot  phosphate  has  been  present  alone,  or  in  various 
combinations  with  renal  acidosis,  glycosuria,  amino-aciduria,  and  hyperkaliuria. 
The  absence  of  increa.sed  total  phosi)hate  excretion  in  our  patient  at  first  seemed 
to  rule  out  a  renal  cause  for  his  osteomalacia.  In  the  pre.sence  of  a  lowered  serum 
phosphorus,  however,  a  normal  total  excretion  would  m(!an  an  increased  phos- 
phate clearance  with  decreased  tubular  reabsorption.  The  histoiy  of  bone  pain 
extending  over  many  year.s  would  favor  such  an  interpretation.  On  the  other 
hand,  although  recently  described,  increased  phosphate  excretion  as  a  sole 
evidence  of  tubular  abnormality  is  not  common.  This  led  to  a  consideration  of 
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another  cause  for  the  osteomalacia.  On  clinical  grounds  we  can  exclude  osteo- 
malacia due  to  such  rare  conditions  as  von  Recklinghausen's  neurofibromatosis 
(12),  essential  hypercalciuria  (3),  and  "simple"  vitamin  D  deficiency  (13,  14). 

It  is  well  known  that  any  condition  with  steatorrhea — whether  from  faulty 
small  bowel  absorption,  as  in  sprue  (6),  scleroderma  (4),  or  regional  enteritis 
(4,  5) ;  from  decreased  bile  in  the  intestine,  as  in  biliary  cirrhosis  (4) ; — may  lead 
to  deficient  vitamin  D  absorption.  If  this  is  sufficiently  prolonged  and  severe, 
osteomalacia  will  result  in  the  adult.  A  hallmark  of  this  vitamin  D  deficiency  is 
decrea.sed  urinary  calcium  excretion. (3,  10,  16). 

When  the  diagnosis  of  carcinoma  of  the  pancreas  was  suspected  and  later 
proven  in  our  patient,  evidence  of  faulty  absorption  of  fat  and  fat  soluble  vita- 
mins was  sought  (5).  There  was  no  gross  or  microscopic  evidence  of  excess  fat 
in  the  stool  at  first.  At  this  time  he  had  incomplete  obstruction  of  the  fourth 
portion  of  the  duodenum,  he  was  vomiting  and  his  intake  of  food  was  minimal. 
After  the  ob.struction  had  been  relieved  by  operation,  the  stool  was  found  to 
contain  large  amounts  of  neutral  fat,  by  staining  with  Sudan  III  on  at  least  two 
occasions.  Further,  the  test  with  Lipiodol®  demonstrated  minimal  absorption  of 
iodine  (7).  It  should  be  pointed  out  that  C|ualitati\'e  tests  for  fecal  fat  ma\'  not 
be  continually  positive  in  patients  with  steatorrhea  (17). 

The  prothrombin  time  became  prolonged  to  abnormal  levels,  up  to  16  seconds 
with  control  of  12  seconds.  The  vitamin  A  level  in  the  blood  was  low,  even  though 
the  vitamin  A  tolerance  test  was  normal.  Finally,  the  duodenal  secretions  ob- 
tained by  intubation  showed  no  evidence  whate\er  of  pancreatic  secretion, 
although  bile  was  present.  The  elevated  rather  than  flat  glucose  tolerance  curve 
tended  to  eliminate  the  possibility  of  intrinsic  small  bowel  disease  and  to  support 
the  diagnosis  of  carcinoma  of  the  pancreas. 

All  these  findings  point  to  steatorrhea  with  resultant  vitamin  D  deficiency  as 
a  possible  etiology  of  the  osteomalacia  in  this  patient.  In  view  of  the  absence  of 
grossly  foul,  fatty,  or  bulky  stools,  it  would  seem  then  that  this  patient  would 
fall  into  the  category  of  ''latent  steatorrhea"  (6,  18),  in  which  significant  amounts 
of  fat  may  be  present  in  the  stool  for  long  periods  without  being  otherwise 
grossly  evident. 

The  question  thus  arises  whether  the  carcinoma  of  the  pancreas  in  this  patient 
was  the  factor  which  led  to  absent  secretion  of  pancreatic  enzymes  and  to  the 
steatorrhea.  Bockus,  Kiefer,  Nothman  and  others  have  reported  a  four  to  twenty- 
two  per  cent  incidence  of  steatorrhea  in  series  of  patients  with  carcinoma  of  the 
pancreas  (19-22).  Brown  (23)  et  al  regard  it  as  an  early  .sign.  One  difficulty  resides 
in  the  fact  that  mo.st  patients  with  carcinoma  of  the  pancrease  die  before  a 
sufficient  length  of  time  elap.ses  for  the  o.steomalacic  results  of  steatorrhea  to 
become  evident. 

On  review  of  roentgenograms  taken  four  years  before  this  admission,  evidence 
suggestive  of  a  mass  in  the  left  upper  cjuadrant  and  of  osteomalacia  was  present 
is  retrospect.  This  suggests  that  the  length  of  survival  after  the  development  of 
the  carcinoma  was  longer  than  usual  in  our  patient.  Snapper,  however,  has  empha- 
sized that  even  in  pancreatic  steatorrhea  of  long  duration,  as  in  chronic  cy.stic 
fibrosis,  rickets  or  osteomalacia  does  not  become  evident  (24). 
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At  autop.sy,  a  short  teriuinal  segment  of  the  pancreatic  duct  was  patent,  but 
the  entire  pancreas  showed  some  degree  of  involvement  by  scirrhous  carcinoma. 
These  findings  appear  adequate  to  account  for  al)sent  pancreatic  secretion  from 
the  duodenum  and  steatorrliea. 

Despite  the  typical  clinical  picture  of  osteomalacia,  the  bones  contained  no 
osteoid  tissue  microscopically.  This  probably  is  a  reflection  of  the  prolonged 
\  itamin  D  treatment  before  his  death. 

Another  contributing  factor  in  the  development  of  bone  lesions  may  have  been 
that  he  received  cortisone  for  many  months  after  the  development  of  his  bone 
pains — thus  adding  a  potent  cause  for  osteoporosis  to  osteomalacia. 

One  may  speculate  that  this  man's  deficient  diet  during  his  incarceration  in  a 
concentration  camp  may  have  rendered  his  bones  unusually  susceptible  to  a 
subseciuent  deficiency  of  vitamin  D. 

We  thus  have  presented  a  patient  in  whom  osteomalacia  and  osteoporosis  and 
carcinoma  of  the  pancreas  occurred  together.  There  are  certain  findings  which 
suggest  that  the  osteomalacia  preceded  the  development  of  the  pancreatic  lesion 
and  was  possibly  due  to  the  renal  tubular  loss  of  phosphate.  On  the  other  hand, 
there  was  evidence  for  a  latent  steatorrhea.  Although  osteomalacia  as  a  result  of 
pancreatic  steatorrhea  is  rare,  the  very  rarity  of  this  association  has  prompted 
us  to  report  this  patient. 

SUMMAUY  AND  COXC'LUSIONS 

1.  A  patient  with  carcinoma  of  the  pancreas  and  osteomalacia  is  described. 

2.  The  possible  etiologic  relationship  of  these  two  conditions  is  discussed. 
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USE  OF  HAl'vllM  STKAKATK  TO  KKMOVI-: 
LABILE  FACTOR  FROM  RLAS^L\ 


Li:()  VHO.MAN" 
Xeir  Yorh.  X.  Y. 

Substances  of  (livors(>  chcinical  coiuijosit ion  sudi  as  l)ariuni  sulfate,  calcium 
phosphate,  aluinimuu  and  magnesium  hydroxide  (I  ),  and  glass  (2)  are  known  to 

TABLE  1 


Effect  of  HariiDii  Sicainle  on  Plasma  Prolhrowbin  Components 
Owreii  \';ilues  in  Per  Cent 


Sample  of  Oxalated  Plasma 

Prothrombin 

stable  Factor 

Labile  Factor 

Before 

After 
adsorption 

Before 

After 
adsorption 

Before 

After 
adsorption 

Normal,  #1  

100 

100 

100 

>100 

100 

8 

Xormal,  *2  

100 

100 

>100 

>100 

100 

<5 

Xoimal,  *3  

100 

>100 

>100 

>100 

>100 

S 

Patient  with  jjostop.  bleeding  . 

82 

82 

92 

92 

92 

<5 

Hvpofihrinogencniia  

100 

100 

100 

100 

100 

Treated  with  dicumarol  

26 

26 

15 

10 

55 

<5 

AHCl-deficieiit    patient,  trans- 

fused 

100 

100 

S!) 

52 

83 

8 

Xornial,  *4,  collected  in  silicone 

100 

100 

>  100 

100 

86 

<5 

Xormal,    *3,   after  treatment 

with  Vinylite  insteatl  of  bar- 

ium stearate  

100 

>100 

>100 

>100 

>100 

84 

1  CO  of  fresh  oxalated  plasma  was  added  to  100  mg  barium  stearate  powder  in  a  75  X  12 
mm  glass  tube;  the  powder  was  forced  into  suspension  by  brief  and  gentle  stirring  with  a 
glass  rod  and  the  mixture  incubated  at  room  temperature  for  20  minutes.  It  was  centrifuged 
for  15  minutes  at  3000  rpm  and  5"  C  and  the  clear  liquid  was  aspirated  from  imder  the  float- 
ing caked  powder.  All  powders  were  hydrophobic  l)efore.  and  hydrophilic  after  contact 
with  plasma. 

adsorb  preferentially  prothrombin,  stable  factor  and  plasma  thromboplastin 
component  from  oxalated  plasma.  Labile  factor  is  adsorbed  poorly  if  at  all  by 
the.se  agents  which  have  in  common  hydiophilic  surfaces. 

On  the  other  hand,  platelets  ('.i)  and  a  cephalin  preparation  (4)  have  been 
foimd  to  adsorb  labile  factor  quite  efficiently. 

To  investigate  adsorption  by  an  even  more  h3-drophobic  surface,  liarium 
stearate  powder*  (100  mgm  ml)  was  added  to  se\-ei'al  samples  of  fresh  oxalated 
plasma  and  forced  into  suspension  with  a  glass  rod.  After  20  minutes  incubation 
at  room  temperature,  the  suspensions  were  centrifuged  and  the  clear  lif|uid 
between  the  .sediment  and  the  caked  powder  floating  on  the  siuface  was  aspirated; 

*  Obtained  from  Witco  Chemical  Co..  Xcw  York  City. 

Department  of  Hematology,  The  Mount  Sinai  Hos])ita!,  Xcw  York  City. 
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upon  assaj'  it  proved  to  have  only  about  5%  or  less  of  the  original  labile  factor 
activity  while  retaining  about  100%  of  the  original  prothrombin  and  stable 
factor  activity'  (Table  1).  Preliminary  tests  similarly  indicate  that  Hageman 
factor,  plasma  thromboplastin  component  and  most  antihemophilic  globulm  are 
retained,  but  that  plasma  thromboplastin  antecedent  is  removed.  Further 
studies,  including  efforts  to  reco\'er  labile  factor  presumably  adsorbed  on  the 
stearate,  are  in  progress. 
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I'UOl.OXdKl)  IIVPOTKNSIOX  ASS(  K  IATKl)  WITH 
PrL.MOXAUV  I:MH()LISM  axd  ixfahctiox 


1)A\"I1)  T.  XASIl.  M.l). 
Xtir  ]'ork.  .V.  )". 

Ill  r(>c(Mit  y(>ars  there  lias  l)eeii  an  increased  emphasis  of  the  eaiiy  (Hafi;ii()sis  and 
trcatnuMit  of  puiinoiiarv  einhoHsni.  A  twenty  year  review  of  personal  experience 
by  Wliite  (1)  has  shown  that  there  is  now  an  increased  incidence  of  pulmonary 
ombolism.  In  part,  this  has  been  due  to  an  increased  awareness  and  recognition 
of  thromboeinl)olic  disease.  Pulmonary  embolism  and  infarction  are  not  synony- 
mous. Pulmonary  embolism  occurs  wluni  a  portion  of  a  tliroml)iis  (or  other 
foreign  body)  lodges  in  a  branch  of  a  ])ulmonarv  artery.  If  there  is  necrosis  of 
the  lung  tissue,  the  t(>rin  pulmonary  infarction  is  used  (2). 

IXCIDKXCK 

Pulmonary  embolism  and  infarction  are  relatively  common  problems  of  serious 
significance.  A  well  known  text  attributes  two  to  three  per  cent  of  all  deaths  to 
pulmonary  emboli.sm  (3).  The  increased  incidence  in  recent  years  is  due,  at  Iea.st 
in  part,  to  greater  interest  on  the  part  of  physicians  in  general.  Another  factor 
must  certainly  be  the  gradually  increasing  age  of  our  population.  The  increased 
u.se  of  antibiotics,  potent  mercurial  diuretics,  salt  restrictive  diets,  and  other 
forms  of  therapy  which  tend  to  prolong  the  life  span  of  seriously  ill  cardiac  pa- 
tient.s  may  play  a  paradoxical  role.  They  permit  the  sur\'ival  of  patients  with 
pulmonary  congestion  and  therefore  contribute  to  the  likelihood  of  pulmonary 
infarction.  Israel  and  Goldstein  (4)  have  recently  .stated  that  pulmonary  embo- 
lism had  become  the  most  common  disea.se  of  the  lungs  which  they  encountered 
in  a  general  hospital.  In  approximately  fourteen  per  cent  of  carefully  performed 
autopsies,  evidence  of  pulmonary  embolism  and/or  infarction  has  been  found. 
In  a  study  of  three  thou.sand  fi\'e  hundred  autopsies,  a  nine  per  cent  incidence  of 
pulmonary  emboli.sm  and/or  infarction  was  found  (5).  Hampton  and  Castleman 
(5)  reported  that  forty  per  cent  of  their  cases  followed  surgical  procedures,  thirty 
per  cent  were  in  cardiac  patients  and  thirty  per  cent  of  the  three  hundred  seventy 
cases  of  pulmonary  embolism  and  infarction  in  Avhich  they  had  autopsy  studies 
were  in  non-cardiac  medical  patients.  Other  authors  (G,  7)  have  found  an  even 
greater  proportion  of  medical  versus  .surgical  patients  with  fatal  pulmonary  em- 
bolism. Baker  and  Al  (6)  reported  a  ratio  of  eight  to  one  amongst  non-surgical 
or  medical  patients  as  opposed  to  post-operative  patients.  Among  medical  pa- 
tients with  pulmonary  embolism  an  incidence  of  heart  disease  of  between  sixty 
and  seventy  per  cent  was  noted  (7). 

KELATIOX.SHIP  TO  ITLMOXAKY  COXGESTIOX 

It  is  well  known  that  the  occurrence  of  pulmonary  infarction  is  to  a  large  de- 
gree dependent  upon  antecedent  pulmonary  congestion.  Thus  it  was  that  only 
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fifty-eight  per  cent  of  patients  with  postoperati\  e  emboli  sustained  a  puhnonary 
infarction  whereas  in  ninety  per  cent  of  cardiac  patients  with  pulmonar}'  emboli 
pulmonary  infarction  occurred  (5).  Chapman  and  others  (8)  showed  in  an  experi- 
mental study  that  pulmonary  infarction  usually  occurs  in  a  lung  with  concomi- 
tant pulmonary  congestion  and  edema.  Intra\'ascular  clots  were  produced  and 
released  from  the  jugular  ^-eins  in  tweh  e  normal  dogs.  No  pulmonary  infarcts 
were  noted  when  the  dogs  were  sacrificed  but  in  se\'en  there  were  emboli  in 
branches  of  the  pulmonary  arteries.  Pulmonarx^  congestion  was  then  produced 
by  the  intravenous  use  of  Alph-Xaphthylthiourea  (AXTU)  and  pulmonary  con- 
gestion was  produced  in  four  dogs  recei\-ing  it  alone.  In  an  additional  eight  dogs, 
in  whom  pulmonary  congestion  was  produced  by  AXTU,  intravascular  clots 
were  produced  and  released  as  emboli.  In  three  of  these  dogs  definite  pulmonary 
infarction  resulted.  In  part  the  importance  of  this  study  was  the  use  of  intravas- 
cular clots  rather  than  foreign  body  emboli. 

SEX  AXD  AGE 

The  sex  incidence  of  pulmonary  embolism  has  been  reported  slightly  difter- 
entlv  by  varying  authors.  Goyette  (9)  found  approximately  an  evenly  divided 
sex  incidence  whereas  Carlotti  (7)  found  the  incidence  slighth^  increased  in  males 
over  females.  Almost  eighty  per  cent  of  the  patients  studied  were  o\'er  forty 
3'ears  of  age  (7,  4). 

SYMPTOMS  OF  PI  LMOXAKY  EMBOLISM 

Pulmonary  embolism  may  produce  a  series  of  acute  alarming  symptoms  or 
symptoms  may  be  entirely  absent.  The  most  common  symptoms  are  dyspnea 
and  chest  pain.  The  chest  pain  may  be  produced  by  a  pleural  I'eaction  or  may  be 
substernal  and  simulate  angina  pectoris.  The  latter  type  pain  may  be  produced 
by  sudden  distention  of  the  pulmonary  artery  itself  or  may  be  due  to  coronary 
anoxia  or  insufl[icienc^^  There  may  be  cough  with  or  without  hemoptysis  and  the 
patient  may  show  anxiety  or  even  panic.  Fainting,  restlessness,  or  sweating  may 
occur.  In  a  large  group  of  patients  with  pulmonary  embolism,  chest  pain  was 
found  in  approximately  half,  dy.spnea  in  about  one  third,  and  hemoptysis  in 
about  one  sixth  (7).  In  another  recent  study  pleuritic  type  chest  pain  was  found 
in  fifty-six  per  cent,  precordial  pain  in  twenty-seven  per  cent,  and  dyspnea  in 
fortjf-six  per  cent  of  ninety  patients  (4). 

SIGXS  OF  PULMOXARY  EMBOLISM 

The  signs  of  pulmonary  embolism  are  tachycardia  out  of  proportion  to  other  yi- 
tal  signs,  tachypnea,  cyanosis,  pleural  friction  rub,  and  signs  of  local  consolidation 
in  the  lungs  with  subcrepitant  rales.  The  temperature  is  likely  to  be  ele\-ated. 
On  rare  occasions  jaundice  may  occur.  There  may  be  signs  of  thrombophlebitis 
in  the  legs  and  the  pulmonary  second  sound  may  be  accentuated.  A  state  of  shock 
may  occur  with  a  thready  pulse  and  a  falling  blood  pressure.  The  pulmonary 
embolism  may  give  rise  to  a  plural  effusion.  In  doubtful  cases,  thoracentesis 
productive  of  sterile  bloody  fluid  of  fairly  high  specific  gravity  (1.014  to  1.018) 
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with  a  ivlati\-o  paucity  of  white  colls  atTords  j^ood  coufinnatioii  of  one's  suspicions 
of  puinionarv  embolism  and  infarction  (10).  The  incidence  of  i-ai(>s  in  a  fj;roup  of 
patients  with  pulmonary  embolism  was  approximately  fifty  per  cent.  A  friction 
rub  was  heard  in  l(\ss  than  ten  per  cent.  In  the  same  study  approximately  one 
third  of  the  patients  had  a  temperature  elevation  to  102°F.  and  a  rise  in  pul.se 
rate  to  110  (7).  .V  more  recent  .study  demonstrated  that  fever  was  present  in  al- 
mo.st  eifijhty  per  cent,  rales  in  sixty  per  cent,  and  tachypnea  in  fifty  per  cent  (4). 
Tachycardia  was  noted  in  sixty  per  cent  of  the  patients  and  in  twenty  to  twenty- 
five  per  cent  hemoptysis  or  plural  friction  rub  was  present.  It  is  interesting  that 
the.se  authors  reported  a  twenty-fi\-e  per  cent  incidence  of  hy])()tensi<)n. 

ETIOL()(;V 

The  etioloi^y  of  pulmonary  emboli  is  usually  the  dislodgment  of  a  blood  clot  in 
a  .sy.stemic  vein  or  the  right  chambers  of  th(>  heart.  There  ai(>  rare  instances  of 
emboli  due  to  otliei'  inatei'ials  such  as  fat  emboli  aftei-  fi'actures  of  the  major 
bones  or  amniotic  fluid  during  delivery.  The  clot  is  usually  bland.  Patients  who 
are  su.sceptible  to  venous  thrombosis  include  those  with  a  history  of  previous 
thrombophlebitis  particularly  in  indi\-iduals  who  again  become  post-partum  or 
postoperative.  Disturbances  in  venous  circulation  such  as  extensive  varicosities 
favor  the  development  of  thrombosis.  Individuals  with  malignancies  have  more 
recurrent  and  fretiuent  thrombosis.  Extensive  abdominal  and  pelvic  .siu'gery  pre- 
disposes to  venous  thrombosis.  Fractuivs  of  the  femur  and  amputations  of  the 
lower  exti-emities  are  followed  by  a  remai'kably  high  incidence  of  thromboembo- 
lism. Thromboembolism  occurs  at  least  twice  as  frequently  in  obese  individuals 
as  those  of  normal  weight.  Blood  dyscrasias  such  as  polycythemia  are  also  pre- 
disposing factors.  The  phlebitis  which  precedes  the  pulmonary  embolism  may 
not  be  recognized  or  present  clinically.  The  source  of  the  emboli  has  usually  l)eeii 
found  in  the  leg  veins.  Only  ten  to  fifteen  per  cent  of  cardiac  patients  with  pul- 
monary emboli  had  thrombi  on  the  right  side  of  the  heart  at  autopsy.  Seventy- 
five  per  cent  of  the  patients  with  pulmonary  embolism  showed  venous  thrombosis 
upon  examination  of  the  legs  ((i).  An  e\-en  higher  percentage  was  found  by  Hamj)- 
ton  and  C'astleman  (o). 

The  patient  to  be  descril)ed  presented  an  unusual  manifestation  of  thiombo- 
emboli.sm,  in  that  he  sustained  a  pulmonary  emboli.sm  (or  emboli.sms)  and  there- 
after was  hypotensive  for  a  continuous  period  of  twenty-six  days  and  was  main- 
tained on  levophed®  (levarterenol  bitartrate)  throughout  this  entire  episode. 
It  was  found  that  th(>  patient  reijuired  large  amounts  of  vasocon.stricting  ma- 
terial to  maintain  his  blood  pre.ssure  and  urine  output  and  a  critical  dose  and  rate 
of  levarterenol  had  to  be  maintained  in  order  to  pre\ent  the  patient  from  be- 
coming hypotensive  antl  anuric. 

CASE  REPORT 

A  sixty-seven  year  old  white  waiter  was  admitted  to  The  Mount  Sinai  Hos- 
pital on  June  10,  l!)o7  with  the  chief  complaint  of  post-prandial  epiga.stric  pain 
of  two  months  duration  during  which  time  a  twenty-four  pound  weight  loss  oc- 
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Fig.  1.  All  electrocardiogram  taken  pieoperatively  showing  left  axis  deviation,  regular 
sinus  rhythm,  at  a  rate  of  80  per  minute.  The  tracing  is  essentially  within  normal  limits. 
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Fig.  2.  An  electrocardiogram  taken  7/8/57  after  the  patient  noted  chest  pain  and  dj's- 
pnea.  Sinus  tachycardia  at  a  rate  of  130  per  minute  and  right  a.xis  deviation  is  now  present. 
There  i.s  an  S  wave  in  lead  I  and  a  fiat  T  wave.  The  ST  segment  is  depressed  in  leads  I  and 
II,  AVF  and  \  -.3  through  V-6.  The  T  wave  is  inverted  in  leads  II,  III,  AVF,  V-3  through 
\'-6.  There  is  a  Q  wave  jjresent  in  lead  III.  There  is  an  R'  present  in  AYR.  These  changes 
are  seen  in  pulmonary  embolism. 
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curred.  Two  months  before  hospitiilizatioii  tlie  patient  noted  post -prandial  epi- 
gastric piuu  occurrinji;  one  liour  after  eating  and  lasting  about  two  hours.  It  was 
uurelatcnl  to  position  or  food  ingestion.  One  month  liefore  admission  the  i)atient 
noted  anorexia  and  three  weeks  l)efore  admission  the  patient  became  jaundiced. 
Past  history  and  re\-iew  of  systems  was  essentially  negati\T'. 

Physical  examination  at  the  time  of  admission  revealed  a  chronically  ill  white 
niale  wlio  was  markedly  icteric.  The  pulse  was  60  per  minute,  respirations  were 
Ui  per  minute  and  the  blood  pressiu'e  was  13.0  75.  The  skin  and  sclera  were 
icteric.  There  was  a  sense  of  fullness  in  the  epigastrium,  and  one  obser\cr  felt 
the  liver  edge  two  fingers  below  the  right  costal  margin. 

Urine  analysis  revealed  the  specific  gravity  to  be  1.017,  acid  reaction,  no  albu- 
min, no  sugar,  4+  bile,  1 :  KiO  urinary  urobilinogen,  and  no  formed  elements 
on  microscopic  examination.  The  hemoglobin  concentration  was  13  gm  per  100 
ml.  The  white  blood  cell  count  was  (1800  per  mm^  The  differential  count  was 
normal.  The  sedimentation  rate  was  14  mm  per  hr.  Blood  chemistry  studies  re- 
vealed blood  urea  nitrogen,  15  mg  per  100  ml;  glucose,  111  mg  per  100  ml;  total 
protein,  7.4  gm  per  100  ml;  albumin,  3.8  gm  per  100  ml;  globulin,  3.()  gm  per  100 
ml;  total  bilirubin,  14.6  mg  per  100  ml;  direct  bilirubin,  7.7  mg  per  100  ml;  alka- 
line phosphatase,  33.4  King-Armstrong  units  per  100  ml;  prothrombin  time,  12  sec- 
onds (control,  12  .seconds);  cephalin  flocculation,  0;  serum  glutamic  oxalo-acetic 
transaminase,  185  units  (normal  40  units).  Stool  guaiac  was  negative.  Secretin 
test  of  pancreatic  function  with  duodenal  drainage  revealed  a  normal  volume  re- 
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Fh;.  3.  An  electrocardiogram  taken  7/9/57.  Auricular  tachycardia  with  a  2:1  block  i.s 
now  pre.-;ent.  The  ventricular  rate  is  80  per  minute,  the  auricular  rate  is  160.  The  T  wave 
is  less  inverted  in  leads  II,  III,  AVF,  V-5  and  V-6.  The  Q3  is  less  marked. 
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Fig.  4.  An  electrocardiogram  taken  7/31/57.  Regular  .sinus  rhythm  at  a  rate  of  100 
jjer  minute  i.s  now  present.  Left  axi.s  deviation  is  again  present.  The  T  waves  are  le.ss  in- 
verted in  leads  V-2  through  V-5.  The  changes  of  acute  cor  pulmonale  are  no  longer  present. 


sponse  and  a  low  maximum  bicarbonate  concentration.  On  the  basis  of  the  .secre- 
tin studies,  it  was  felt  that  the  gall  bladder  could  contract  normally. 

Because  of  the  picture  of  obstructive  jaundice,  laparotomy  was  done  on 
7/2  57.  A  five  by  six  centimeter  hard  mass  in  the  region  of  the  head  of  the  pan- 
creas was  seen  and  there  were  firm  lymph  nodes  along  the  superior  border  of  the 
pancreas.  The  common  bile  duct  was  found  to  be  dilated.  A  cholecystoga.stros- 
tomy  was  performed.  During  the  procedure  the  patient's  blood  pressure  was 
70/40  for  a  period  of  about  twenty  minutes.  The  patient  was  returned  to  the  ward 
and  for  the  week  following  .surgery  his  blood  pressure  averaged  90  70.  He  was 
maintained  with  intra\  enous  feedings  and  appeared  to  be  reco\-ering  reasonably 
well.  His  urine  output  a\'eraged  700  cc  per  day  and  he  did  not  appear  to  be  in 
clinical  shock. 

An  initial  pre-operati\  e  electrocardiogram  taken  on  (5  19  57  showed  a  slight 
left  axis  deviation  and  no  other  abnormalities  (Fig.  I).  On  7/7/57  the  patient 
complained  of  some  precordial  chest  discomfort  and  he  was  noted  to  be  dyspneic 
with  a  respirator}^  rate  of  thirtj^-two  per  minvite.  An  electrocardiogram  re\  ealed 
sinus  tachycardia  at  one  hundred  thirty-two  per  minute,  a  deep  S  in  lead  1, 
a  small  Q  in  lead  3,  right  axis  de^•iation,  a  tall  R'  in  AVR,  in\-erted  T  waves  in 
^'-3  through  V-(i  and  an  R'  present  in  V-1  (Fig.  2).  These  changes  were  inter- 
preted as  indicating  acute  pulmonary  embolism.  The  patient  was  treated  with 
levarterenol  because  of  a  fall  in  blood  pressure  to  60  40  and  signs  of  shock. 

Because  of  the  occurrence  of  heart  failure,  the  patient  was  digitalized  with 
intramuscular  digoxin  and  given  two  cc  of  mercuhydrin  intramuscularly.  On 
7/9''57  an  electrocardiogram  showed  auricular  tachycardia,  two  to  one  heart 
block,  right  axis  deviation,  R'  in  \-l  and  a  tall  R  in  AVR  (Fig.  3).  On  7/11/57 
the  concentration  of  levarterenol  was  increased  in  order  that  smaller  amounts 
of  intravenous  fluid  be  necessary  to  maintain  his  blood  pressure.  The  patient 
recei\'ed  thirty-two  to  forty  micrograms  of  le\'arterenol  per  minute  and  an  aver- 
age daih^  intake  of  1500  cc  intravenously. 
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On  7  11  o7  an  attempt  was  made  to  stop  the  levarterenol  when  the  patient's 
blood  prossnre  was  120  80.  Within  four  to  five  minutes  of  the  cessation  of  levar- 
terenol therapy,  the  patient's  blood  pressure  dropped  to  (iO  10.  Levarterenol 
was  restarted,  the  blood  pressure  rose  to  130/90  and  a  transient  episode  of  auricu- 
lar fibrillation  lastint>;  ten  minutes  occurred.  The  levarterenol  was  continued  at  a 
slower  rate,  the  patient  reverted  to  regular  .sinus  rhythm  and  his  blood  pre.s,sure 
was  maintained  at  1 10  SO  with  an  average  dose  of  40  micrograms  of  levarterenol 
per  minute.  On  7  12  ')7  the  patient  had  a  thirty  second  decholin  (arm  to  tongue) 
circulation  time.  On  7  14  ")7  becau.se  phlebitis  and  blanching  of  the  skin  occurred 
at  the  sites  of  int  ia\ cnous  infusions  in  his  leg,  the  levarterenol  was  stopped  and 
the  blood  pressure  carefviUy  observed.  The  blood  pressure  dropped  immediately 
from  110  80  to  .")4  o8  and  during  the  ensuing  hour  of  ol).servation  tlie  patient 
was  able  to  maintain  his  blood  pressure  at  (58  48.  He  produced  no  urine  (an  in- 
dwelling catheter  was  in  the  bladder  and  was  irrigated  before  and  after  the  period 
of  ()l)ser\  ati()n).  The  patient  remained  rational  despite  the  hypotension  but  his 
skin  became  clammy  and  sweaty.  Thereafter,  levarterenol  was  continued  intra- 
\-enously  at  40  micrograms  per  minute.  By  7  15  57  the  icterus  had  cleared  and 
thereafter  the  patient  produced  an  average  of  700  to  1000  cc  of  urine  daily. 

On  7  17  57  an  attempt  was  made  to  decrease  the  levarterenol  to  20  micro- 
grams per  mimite.  The  patient's  blood  pressure  promptly  fell  to  GO  .sy.stolic  and  a 
scant  :>(X)  cc  of  urine  was  produced  during  the  day.  On  7  22  57  intravenous  ther- 
apy was  again  stopped  and  there  occurred  again  a  prompt  fall  in  blood  pressure 
to  ()4  48.  After  twenty  mimites  levarterenol  was  again  started.  An  electrocardio- 
gram on  7  22  57  revealed  inverted  T  waves  in  Leads  1,  2,  AVF  and  \-2  through 
X-C).  On  7  25  57  the  patient  was  .started  on  intravenous  solu-cortef "  in  an  effort 


Fi(i.  5.  A  view  of  the  gioss  |)atliological  specimen  with  the  branches  of  the  pulmonary 
artery  laid  open  showiiifj  multiple  pulmonary  emboli  (see  white  arrows)  and  pulmonary 
infarctions. 
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Fig.  6.  A  close-up  view  showing  a  clot  embolus  in  a  branch  of  the  pulmonary  artery. 
(See  white  arrow) . 

to  ascertain  whether  any  of  his  hypotension  was  due  to  adrenal-cortical  insuffi- 
ciency. .\J'ter  four  days  of  therapy  with  steroids  it  was  obvious  that  the\'  had  no 
effect  on  the  hypotension  and  they  were  stopped.  On  7/27/57  the  levarterenol 
was  discontinued  for  one  and  one  half  hours  during  which  time  the  patient  pro- 
duced no  urine  and  again  had  a  hypotensive  episode.  During  the  remaining  week 
the  patient  was  at  no  time  able  to  maintain  his  blood  pressure  without  consider- 
able amounts  of  lewarterenol.  He  de\-eloped  four  plus  edema  of  his  left  leg  with 
obvious  thrombophlebitis  and  a  palpable  cord.  He  developed  fever  of  101°  and 
some  chest  pain  and  began  to  cough.  He  was  treated  with  massive  amounts  of 
antibiotics,  oxygen  by  nasal  catheter  and  was  fed  by  naso-gastric  tube.  Despite 
all  efforts,  the  patient  died  on  8  3  57  without  acute  manifestations  of  a  cardiac, 
cerebral,  or  respiratory  catastrophe  after  26  days  of  continuous  levarterenol 
therapy  necessitated  by  prolonged  hypotension. 

Po.st-mortem  examination  revealed  heavy  lungs  weighing  620  grams  each. 
The  pulmonary  arteries  showed  multiple  embolization  (Figs.  5  &  6).  ^Nlany  of  the 
embolizations  were  accompanied  by  pulmonary  infarctions.  There  was  a  large, 
firm  carcinomatous  mass  in  the  head  of  the  pancreas.  The  right  femoral  and  ex- 
ternal iliac  veins  were  occluded  by  an  adherent  thrombus.  The  heart,  brain  and 
adrenals  were  unremarkable. 

THE  ELECTROCARDIOGRAPHICAL  C  HAXGES  IX  PLLMOVARY  EMBOLISM 

The  electrocardiogram  was  of  help  in  this  patient  in  making  the  early  diagnosis 
of  pulmonary  embolism  although  it  is  unfortunately  not  frecjuently  helpful.  The 
classical  electrocardiographic  changes  occurring  in  pulmonary  embolism  have 
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been  previously  described  (2,  12,  13).  These  include  a  change  to  ri<>;ht  ii.xis  devia- 
tion especialh'  if  this  was  not  true  beforehand  as  in  the  patient  reported.  The  elec- 
trocardiogram after  pulmonary  embolism  may  show  a  deep  S  wave  in  lead  1 
with  a  depressed  ST  segment,  a  Q  wave  and  ele\'ated  ST  segment  in  lead  A  and 
clockwise  rotation.  AVK  may  show  an  R  wave  and  an  elevated  ST  .segment. 
AVL  may  .show  depressed  ST  .segment  and  in  A\'F,  ST  segment  elevation.  A 
prominent  R  with  elevation  of  ST  may  occur  in  \'-l  and  \'-2.  In  \'-5  and  V-0 
there  may  be  a  marked  S  wave  as  well  as  ST  segment  depression.  The  occurrence 
of  the  cla.ssical  electrocardiographic  pattern  after  pulmonary  embolism  is  \  ari- 
able  but  has  been  reported  in  approximately  10  to  20  per  cent  of  the  patients 
studied.  Some  electrocardiographic  changes  are  seen  in  fifty  per  cent  of  the  pa- 
tients with  pulmonary  embolism  who  have  had  two  or  more  tracings  taken  (4). 
Only  rarely  are  these  changes  diagnostic  of  pulmonary  embolism.  They  are 
usually  positional  changes,  changes  in  axis  deviation,  changes  of  coronary  in- 
sufficiency with  ST  and  T  wave  changes,  and  changes  in  rhythm.  Atrial  fibrilla- 
tion, atrial  tachvcai'dia  and  changes  in  conduction  with  right  bundle  branch 
block  are  al.<o  seen. 

DISCUSSION' 

The  occurrence  of  shock  after  pulmonary  infarction  has  long  been  recognized. 
There  is  a  recent  report  of  a  case  treated  succe.s.sfully  with  1-noradrenaline  (14). 
Prolonged  hypotension  as  manifested  by  the  case  reported  appears  to  be  uncom- 
mon. There  appear  to  be  several  mechanisms  which  may  play  a  role  in  the  circula- 
tory failure  which  follows  large  pulmonary  emboli.  Thus  there  may  be  mechani- 
cal interference  with  cardiac  output  by  massive  pulmonarj'  embolism.  It  has 
been  .shown  that  unless  more  than  half  of  the  cro.ss  sectional  area  of  the  main  pul- 
monary artery  is  occluded,  the  increased  pulmoiuuy  resistance  is  compensated 
bj'  a  rise  in  the  right  ventricular  pressure  which  leads  to  a  stronger  right  ventricu- 
lar contraction  .sufficient  to  maintain  a  normal  .supply  to  the  left  ventricle  (15). 
Thus  clinically  pulmonary  embolism  of  less  than  massive  size  is  usually  insuffi- 
cient to  produce  general  circulatory  disturbance  (Ki).  The  point  at  which  circula- 
tory failui'e  occurs  appears  to  be  sharply  defined.  Haggert  and  Walker  lia\e 
shown,  with  gradual  occlusion  of  pulmonary  arteries  in  dogs,  that  there  were  no 
serious  circulatory  disturbances  until  between  52  and  ()G  per  cent  of  the  pul- 
monary arterial  cross  .section  was  occluded.  Death  usually  followed  85  per  cent 
occlusion.  Part  of  the  circulatory  failure  following  pulmonary  embolism  has  been 
attributed  to  myocardial  ischemia  or  hypoxemia.  Myocardial  anoxia  follows  as  a 
natural  con.--equence  of  arterial  hypoxemia  .secondary  to  the  loss  of  a  large  seg- 
ment of  pulmonary  functional  tissue.  There  may  be  impaired  coronary  drainage 
by  way  of  the  thesbiaii  veins  because  of  the  elevated  pressures  on  the  right  side 
of  the  heart  (17). 

The  role  that  reflex  vasocon.striction  of  the  coronary  arteries  mediated  by  way 
of  the  vagus  neive  plays  has  been  subject  to  much  debate.  Sokolow  (12)  quoting 
\'illaret  et  al  (18)  states  that  after  bilateral  \  agotomy  up  to  se\  en  times  the  usual 
lethal  dose  of  seed  emboli  was  neces.sary  to  cause  death  in  experimental  animals. 
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I)e  Takat.s  et  al  (19)  found  that  atropine  would  increase  the  survival  of  dogs  in 
whom  massive  pulmonary  embolism  was  produced.  However,  Love  and  Brugher 
(20)  felt  that  reflexes  mediated  through  the  autonomic  nervous  system  did  not 
play  a  major  role  It  has  been  known  that  a  patient  may  die  of  a  pulmonary 
embolism  without  massive  obstruction.  Some  reflex  mechanism  appears  an  at- 
tractive hypothesis.  It  has  also  been  demonstrated  recently  that  pulmonary 
artery  thrombosis  can  be  entirely  asymptomatic  and  be  discovered  after  an 
unrelated  death.  Another  point  of  view  was  expressed  after  a  study  of  the  pul- 
monary vascular  response  to  precapillary  emboli  with  graphite  particles.  In 
\'agotomized  animals  there  was  no  marked  alteration  of  response  to  such  emboli 
as  compared  to  control  animals  (21).  Atropine,  however,  appeared  to  abolish 
vasoconstriction  associated  with  precapillary  embolization.  This  is  attributed  to  a 
direct  effect  of  atropine  on  the  blood  vessels  which  was  not  effected  by  way  of 
the  vagus  nerve.  The  exact  role  of  reflexes  mediated  through  the  vagus  nerve 
after  pulmonary  embolism  remains  to  be  determined.  Hypotension  following 
pulmonaiy  embolism  is  due  to  a  group  of  factors  some  of  which  are  as  yet  not 
completely  elucidated. 

SUMMARY 

A  case  of  prolonged  hypotension  lasting  26  days  following  pulmonaiy  embo- 
lism is  reported  and  discussed.  A  brief  discussion  of  incidence,  signs  and  symp- 
toms, and  etiology  of  pulmonary  embolism  is  included.  The  relationship  to  pul- 
monary congestion  is  outlined.  A  discussion  of  the  mechanisms  responsible  for 
circulatory  failure  is  presented. 
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"Radiological  lS[ptes 

CASE  NO.  32 

B.  S.,  a  white  female  of  ()5,  was  admitted  with  the  chief  comphiint  of  red  and 
black  stool  per  rectum  for  24  hours  prior  to  admission.  Three  bowel  mov'ements 
were  black  but,  intermixed  with  the  stool,  the  patient  was  able  to  recognize 
rather  dark  but  reddish  blood.  Sixteen  years  prior  to  admission,  the  patient  had 
undergone  a  cholecystectomy.  Despite  this,  however,  she  continued  to  complain 
of  recurrent  heartburn  and  gaseous  distention  especially  after  fatty  meals.  Mul- 
tiple roentgen  examinations  were  reported  as  being  negative.  Three  months 
prior  to  admission,  because  of  dyspepsia,  the  patient  was  given  some  type  of 
powder.  After  this,  her  stools  became  dark  but  resumed  a  normal  color  with 


Case  32,  Fig.  1.  Black  arrow  points  to  a  large  somewhat  lobulated,  shar):)ly  demarcated 
filling  defect  about  2  inches  in  diameter  in  the  jejunum  about  4  feet  from  the  ligament  of 
Trcitz.  The  mucosal  pattern  ovei-  this  filling  defect  is  absent  but  there  is  no  evidence  of 
ulceration.  The  bowel  proximal  to  th(>  lesion  is  not  dilated  and  barium  passed  this  area 
without  difficultii-. 
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Case  32,  Fig.  2.  Film  taken  after  evaeuation  of  the  barium  enema  shows  a  round  lucent 
area  (arrow)  about  oem.  in  diameter  with  a  thin,  denser,  sharply  demarcated  periphery, 
situated  medial  to  the  colon.  The  density  of  this  area  is  intermediate  between  air  and 
muscle,  i.e.  corresponds  to  fat  or  sebaceous  material.  Its  location  is  the  same  as  the  filling 
defect  in  the  jejunum  seen  in  fig.  1. 

ces.satioii  of  the  medication.  The  patient  had  been  modeiately  constipated  for 
many  years  and  hypertensive  for  about  ten  years.  Five  years  prior  to  admission, 
the  patient  had  undergone  a  hemorrhoidectom3^ 

Physical  examination  showed  a  patient  in  no  distress.  Blood  pressure  was 
176  '98.  A  well-healed  right  uppei-  qundi'aiit  scar  was  evident.  Xo  mas.ses  were 
felt  within  the  abdomen  and  no  abdominal  tenderness  was  elicited.  On  sig- 
moidoscopy, red  blood  was  seen,  coming  from  abo\-e  the  end  of  the  scope.  The 
distal  10  inches  of  the  sigmoid  and  rectum  showed  no  abnormalit3\  Hemoglobin 
on  admission  was  11.4  grams  per  cent  and,  on  the  subsetjuent  day,  9.5  grams  per 
cent.  The  patient  was  transfused  with  2  units  of  l)Iood. 

Barium  enema  examination  showed  no  evidence  of  any  intrinsic  lesion  of  the 
colon  or  terminal  ileum.  However,  on  the  film  taken  as  part  of  the  barium  meal 
examination,  a  filling  defect  was  ex'ident  in  the  jejunum  (Fig.  1).  Review  of  the 
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Case  32,  Fig.  3.  Repeat  barium  meal  examination  shows  a  more  ovoid  or  elongated 
configuration  of  the  filling  defect  in  the  jejunum.  During  the  course  of  fluoroscopy,  the 
more  spherical  appearance  appeared  to  be  transformed  to  this  ovoid  appearance  when 
additional  pressure  was  applied  to  th(>  al^domen.  Barium  could  be  seen  to  spurt  past  the 
filling  defect  without  obstruction. 

films  taken  during  the  course  of  the  barium  enema  examination  also  demon- 
strated an  unusual  shadow  adjacent  to  the  descending  colon  (Fig.  2).  Repeat 
barium  meal  examination  was  then  done  with  fluoroscopic  observations  of  the 
filling  defect  with  the  aid  of  the  image  intensifier.  The  shape  of  the  mass  ap- 
peared to  be  somewhat  changeable  depending  upon  the  amount  of  pressure  ap- 
plied to  the  abdomen  and  on  the  peristaltic  acti\'ity  of  the  adjacent  small  bowel 
(Fig.  3). 

A  diagnosis  of  lipoma  of  the  jejunum  was  made  on  the  e^'idence  of  a  lobulated, 
smooth,  relatively  radiolucent  filling  defect.  The  patient  was  explored  and  a 
lipoma  with  a  broad  base  was  found  at  the  predicted  site.  The  mucosa  over  the 
mass  was  markedly  stretched  and  in  places  appeared  to  be  eroded.  The  post- 
operati^•e  cf)urse  was  une\'entful. 

Final  Diagnosis:  Lipoma  of  the  JKjrxuM. 


CASES  XO.       :?4  .T) 


Cask  33,  Fig.  1A.  Spot  i)rcssur('  film  of  th(>  lesser  curvature  of  the  stomaeh  just  above 
the  reentrant  angle  shows  an  uleer  niehe.  There  is  a  thin,  sharply  demarcated,  lucent  line 
(arrow)  at  the  base  of  the  crater  and  a  conical  or  fuimel-shaped  communication  with  the 
lumen  of  the  stomach.  The  appearance  of  this  niche  and  this  lucent  line,  Hampton's  line, 
is  charact^^ristic  of  a  henisn  ulcer  crater. 


Case  33,  Fig.  IB.  Another  compression  view  of  the  ulcer  crater  af^ain  demonstrates 
features  associated  with  a  benign  ulcer.  A  rather  thick,  relatively  lucent  collar  is  seen  in- 
tervening between  the  stomach  crater  and  the  general  lumen  of  the  stomach. 
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Case  33,  Fig.  IC.  A  film  of  the  filled  stomach  shows  flattening,  slight  serration,  broad- 
ening and  rigidity  of  the  reentrant  angle  (arrow)  which  was  interpreted  as  shortening  of 
the  lesser  curvature  in  association  with  a  benign  ulcer.  The  ulcer  crater  seen  on  the  spot 
erect  compression  films  is  not  e\'ident.  This  patient  was  explored  and  a  subtotal  gastrec- 
tomy performed  for  a  large  infiltrating  flat  scirrhous  carcinoma  involving  the  lesser  cur\-a- 
ture  of  the  stomach  and  extending  onto  the  anterior  and  posterior  walls.  The  wall  of  the 
stomach  at  the  site  of  the  carcinoma  was  markedly  thickened.  In  the  center  of  the  carci- 
nomatous area,  there  was  a  punched-out,  sharply  demarcated,  rather  deep  ulceration 
which  resembled  a  benign  peptic  ulcer.  At  the  base  of  the  ulcer,  however,  on  microscopy 
there  was  carcinoma  as  part  of  the  diffuse  infiltration. 

In  the  September-October  1957  is.sue  of  the  Journal  of  The  [Mount  Sinai  Hos- 
pital, profile  features  of  benign  ga.^tric  niches  were  de.seribed  with  emphasis  on 
the  importance  of  a  thin  straight  lucent  line  which  may  be  seen  between  a  benign 
crater  and  the  lumen  of  the  stomach.  This  line  has  been  referred  to  as  Hamp- 
ton's line  and  is  excellent  evidence  of  the  benign  nature  of  a  niche.  It  was  pointed 
out,  however,  that  in  rare  in.stances,  Hodgkin's  disease  or  lympho.sarcoma  of  the 
stomach  may  give  a  similar  appearance.  The  present  group  of  cases  demonstrate 


Ca.sk  34,  Fig.  1.  Compression  view  of  a  filling  defect  of  the  antrum  of  tlic  stomacli  in- 
volving the  greater  curvature.  Thi.s  filling  defect  appears  to  1)0  l)il()l)ar  with  a  dee])  ulcer- 
ation in  the  middle  of  it.  The  arrow  points  to  a  thin,  straight,  lucent  line  intervening  be- 
tween the  dee])  crater  and  the  funnel-like  communication  with  the  general  lumen  of  the 
stomach.  This  filling  defect  is  shari)ly  demarcated  and,  (>xcept  for  the  ulceration,  ther(>  is 
no  evidenc(>  of  destroyed  muco.sa  over  the  defect.  Roentgenologically,  the  diagnosi-sof  an 
intramural  tumor,  presumably  a  myoma,  was  made  and  this  was  confirmed  at  lapa- 
rotomy. Th(>  lucent  line  fulfills  the  criteria  of  a  Hamjiton  line. 


Cask  35,  Fig.  1A.  Spot  view  of  the  duod(>nal  Inilb  showing  an  extremely  large  crater 
on  its  posterior  right  aspect  with  rather  thick  folds  directed  towards  the  base  of  the  carter. 
A  transverse  lucent,  sharply  demarcated  line  (arrow)  is  seen  at  the  junction  of  the  crater 
and  the  lumen  of  the  bulb.  This  resembles  the  Hampton  line  described  in  benign  gastric 
ulcers. 


279 


280 


RADIOLOGICAL  NOTES 


Case  35,  Fig.  IB.  Re-examination  one  month  later  shows  marked  diminution  in  the 
size  of  the  ulcer  crater  (arrow)  with  a  typical  pattern  of  radiating  folds.  The  lucent  line 
is  not  evident. 

that  a  Hampton  line  may  rarely  be  .seen  in  carcinoma  of  the  .stomach  (Case  33), 
in  myoma  of  the  stomach  (Case  34)  and  also  in  duodenal  ulcer  (Case  35). 

Final  Diagnosis:  Case  33 — Hamptox  line  ix  CARCIxo^L\  of  the  stomach. 

Final  Diagnosis:  Case  :34 — H.\mptox  lixe  ix  myoma  of  the  stomach. 

Final  Diagnosis:  Case  35 — Hamptox  lixe  ix  a  diodexal  ulcer. 


CASE  XO.  36 

(Submitted  by  Mansho  T.  Khilnani,  M.D.) 

In  this  patient,  examination  of  the  skull  and  sinuses  was  recjuested  because  of 
headaches.  Xo  abnormality  was  noted  in  the  skull  films  but,  on  the  lateral  ^■iew, 
near  the  angle  of  the  jaw,  a  somewhat  amorphous  calcification,  3  or  4  mm.  in 
diameter,  was  noted  (Fig.  1).  This  was  also  identified  in  the  base  view  of  the 
skull. 

The  roentgen  findings  indicate  that  the  concretion  is  located  in  the  region  of 
the  tonsil  and  represents  radioopaque  debris  within  tonsillar  cr\'pts.  As  far  as  is 
known,  this  finding  has  no  special  significance.  Its  importance  lies  in  the  fact 
that  it  may  be  mistaken  for  a  parotid  calculus.  It  is  located  more  posteriori}'  and 
much  further  medially  than  a  calculus  in  the  parotid  duct. 

Final  Diagnosis:  Radioopaque  debris  ix  toxsillar  crypts. 


Case  3(5,  Fig.  1A.  On  the  lateral  view  of  the  skull,  a  3  or  4  mm.  amori)hous  calcifica- 
tion (an'ow)  is  noted  just  above  and  anterior  to  the  img\v  of  the  mandible.  The  shadow 
of  the  soft  i)alate  is  seen  immediately-  above  it.  The  location  of  this  calcification  is  more 
posterior  than  is  ordinarily  seen  with  a  jiarotid  duct  calculus. 


C.\SK  36,  Fig.  IB.  Base  view  of  the  >kull  shows  that  the  calcification  (arrow)  is  located 
medial  to  the  parotid  s'anfl  and  overlajjs  the  soft  tissue  flensity  of  the  tonsillar  region. 
It  therefore  re])re.sents  radio-o])aque,  jjresumably  calcific,  debris  in  tonsillar  crypts. 
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CASE  XO.  37 


Case  37,  Fig.  1.  Oily  ai-  n  im.  administered  by  moutli  till-  the  oophagus  and  the 
trachea.  An  olilique  fistulous  track  is  seen  to  join  these  organs.  The  tracheal  opening  is 
at  a  higher  lever  than  the  opening  into  the  esophagus.  For  this  reason,  a  catheter  passed 
into  the  esophagus  will  not  enter  the  track  while  a  catheter  passed  into  the  trachea  is 
hkely  to  pass  easily  into  the  esophagus.  There  is  no  esojihageal  atresia,  i.e.  this  is  an  ex- 
ample of  the  rare  so-called  H  type  of  tracheo-esophageal  fistula.  This  fi.stula  is  located 
higher  (between  C7  and  Tl)  than  the  ordinary  type  and  repair  through  the  neck  seems 
preferable. 

C.  X.,  a  five  day  old  infant  was  admitted  with  the  tentative  diagncsis  of  a 
tracheo-esophageal  fi.stula.  Difficulty  in  taking  feedings  was  noted  immediately 
after  birth.  Gurgling  sounds  could  be  heard  in  the  chest  while  the  patient  at- 
tempted to  swallow.  Despite  this,  however,  a  catheter  passed  into  the  stomach 
without  difficulty.  Phj^sical  examination  of  the  child  was  not  remarkable.  His 
weight  was  3.1  kilograms.  The  obserA  ation  that  a  catheter  could  be  pa.ssed  into 
the  stomach  without  difficulty  was  confirmed  clinically  and  roentgenologically. 
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A  rocnt<j;(Mi  oxainiiiatioii  of  the  chest  showed  some  increase  in  the  ])roininencc 
of  the  niarkinjrs  at  tlie  right  base.  Because  of  tlie  possibihty  of  a  tracheo-eso- 
phageal  fistula,  without  esophageal  atresia,  oily  dionsil  was  administered  In' 
mouth.  It  was  evident  on  fluoroscopy  that  the  opaciue  mat(>rial  entered  the 
trachea  from  the  upper  esophagus  through  a  shoi't  conununicat ion  just  above 
the  level  of  the  thoracic  inlet.  This  fistula  coursed  forward  and  ui)wai(ls  from  the 
esophagus  to  enter  the  trachea.  There  was  no  evidence  of  atresia  or  stenosis  of 
the  esophagus. 

After  preparation  with  antibiotics  antl  parenteral  fluids,  an  attempt  was  made 
transplevu'ally  to  expo.se  the  fistula.  This  turned  out  not  to  be  satisfactory  and 
during  the  course  of  the  operation  the  chtid  showed  considerabl(>  lespiratory 
difficulty.  Post-operatively,  the  child  did  poorly  and  succumbed  within  10  days. 
Post-mortem  examination  confirmed  the  roentgen  findings. 

Final    Diagnosis:    Tk.\cheo-ksoph.\<;e.\l    fistul.v    witiioit  i:.sopu.vc;e.\l 

.\TRESI.\. 

CASE  XO.  38 

(Submitted  l)y  John  K.  Mo.seley,  M.D.) 

C.  R.,  a  4  year  old  white  female,  was  referred  for  x-ray  examination  of  the 
pelvis  and  both  hips  following  a  minor  accident  while  playing.  The  clinical  exami- 
nation was  reported  to  have  been  essentially  negative  but  the  roentgen  study 
showed  an  abnormality  of  the  capital  epiphysis  of  the  right  femur  (Fig.  1).  The 


Cask  38,  Fig.  1.  Roentsciiogram  at  age  of  4  years  .shows  an  almcjrmal  right  capital 
femoral  epiphysis  suggesting  Legg-Pcrthe's  disease.  The  epiphysis  is  smaller  and  less  well 
developed  than  that  on  th(>  left  side.  Its  vertical  dimension  is  markedly  diminished.  Bone 
density  of  tlie  e|)ii)hysis  and  its  articular  surface  is  irregular.  There  is  no  widening  of  the 
epiphyseal  line  or  evidence  of  nietai)liysitis. 
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Case  38,  Fig.  3.  Roentgenogram  made  at  ago  of  2  years  show  s  hypoplastic  right  capital 
femoral  ejMphysis  with  irregular  mineralization.  The  dysplasia  and  dislocation  have  re- 
solved. 
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vertical  dinuMision  of  this  epipliysis  was  cHininished  and  this  epiphysis  was  geii- 
orally  smalUn-  and  less  well  developed  than  that  on  the  left  side.  Mineralization 
was  irregular,  some  areas  showing  slightly  increased  density,  and  there  was  ir- 
regularity of  the  upper  articular  surface  of  the  bone.  The  epiphyseal  line  was  not 
wiilened  and  the  position  of  the  epiphysis  in  relation  to  the  nietaphysis  was 
normal.  There  was  no  evidence  of  dislocation  or  of  acetabular  dysplasia.  The 
bones  of  the  pelvis  and  of  the  left  hip  were  normal.  Despite  the  fact  that  there 
were  no  metaphy.seal  changes,  no  widening  of  the  epiphyseal  line  and  no  joint 
effusion,  a  tentative  impression  of  Legg-Perthe's  disease  was  entertained.  A 
skeletal  sur\-ey  showed  no  other  epiphy.seal  abnormalities.  The  patient  was  nega- 
tive for  sickling  and  there  were  no  clinical  nor  lal^oratory  findings  to  suggest 
(laucher's  disease. 

When  the  patient  returned  for  follow-up  examination,  interrogation  of  the 
mother  revealed  that  the  right  hip  had  been  x-rayed  on  several  pre\-ious  occa- 
sions. She  was  retiuested  to  obtain  these  previous  films  for  comparison  (Figs.  2, 
3).  When  the  films  were  examined,  they  showed  dysplasia  and  congenital  disloca- 
tion of  the  right  hip. 

Final  Diagnosis:  Lec;g-Pehthe's  dise.\se  simulated  by  rvETAKDEu  develop- 
ment OF  THE  CAPITAL  FEMORAL  EPIPHYSIS  FOLLOWIX(i  COXOEXITAL  DISLOCATIOX 
OF  THE  HIP. 

CASE  XO.  39 
(Submitted  by  John  E.  Moseley,  M.D.) 

\'.  K.,  a  o  year  old  colored  female,  was  admitted  to  the  hospital  for  ob.serva- 
tion.  She  complained  of  tenderness  in  both  thighs  of  4  weeks  duration.  Her  past 
history  re\-ealed  an  attack  of  measles  two  months  pi-ior  to  admission.  She  had 
recovered  from  this  without  complication.  The  history  was  otherwise  negative. 
The  physical  examination  was  reported  as  negative  except  for  marked  tenderness 
on  palpation  of  both  upper  thighs.  The  routine  laboratory  findings  were  all 
within  normal  limits.  The  temperature  fluctuated  between  98.2°  and  100°.  X-ray 
examination  showed  single  layer  periosteal  ele\'ation  along  the  lateral  aspects  of 
the  shafts  of  both  femora  (Fig.  1 ).  There  was  periostitis  along  the  lateral  aspect 
of  the  shaft  of  the  left  fifth  metacarpal  and  along  the  medial  aspect  of  the  shaft 
of  the  proximal  phalanx  of  the  third  left  finger  (Fig.  2).  Both  ulnas  were  the  site 
of  a  diffuse  wa^'y  periostitis.  Single  layer  periosteal  reactions  were  present  at 
numerous  ribs  and  invol\-ed  both  chn'icles  (Fig.  .'->).  The  mandibles  were  normal. 

The  radiographic  differential  diagnosis  in^'ol^■ed  primarily  Hyper\'itaminosis 
A  and  Caffey's  disease.  Aside  from  the  cortical  hyperostoses,  there  were  no 
skeletal  changes  to  suggest  scur\-y,  rickets  or  lues.  The  im-oh  ement  of  the  meta- 
carpals and  phalanges  and  the  absence  of  fractures  militated  against  trauma. 
The  late  onset  of  the  condition  and  the  absence  of  mandibular  in^■olvement  made 
Infantile  Cortical  Hyperostosis  (Caffey's  disease)  unlikely,  while  the  waA'y  single 
layered  involvement,  particularly  of  the  ulnar  bones,  was  strongly  suggestive  of 
Hypervitaminosis  A. 
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Case  39,  Fig.  2.  Hands  showing  hyperostosis  along  shafts  of  both  ulna-s,  fifth  left  meta- 
carpal (arrow)  and  proximal  phalanx  of  third  left  finger. 
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Case  39,  Fig.  3.  C'liost  showiii^r  cortical  hyperostoses  alono;  mum'rous  ribs  and  both 
clavicles. 

Careful  interrogation  of  the  mother  unco\'ered  the  fact  that  she  had  been 
giving  the  child  excessive  doses  of  oleum  percomorphum.  Withdi'awal  of  Mtamin 
A  from  the  diet  resulted  in  the  disappearance  of  all  clinical  symptoms  within  one 
week  and  skeletal  sur\-ey  two  months  later  revealed  marked  but  incomplete 
resolution  of  the  bone  changes. 

Final  Diagnosis:  Hypekvitami.vosis  A. 

CASE  XO.  40 
(Submitted  by  .John  E.  Aloseley,  M.D.) 

S.  S.,  a  G  year  old  white  male  was  admitted  to  the  hospital  because  of  painful 
swelling  of  the  right  knee.  Two  weeks  prior  to  admission,  the  child  had  started 
complaining  of  pain  in  the  knee  and  was  noted  to  be  limping  slightly.  About  one 
week  before  admission,  he  fell  on  his  right  knee  and  thereafter  the  knee  became 
swollen,  tender  and  painful.  One  day  before  admission,  the  child  appeared  con- 
stitutionally sick,  as  evidenced  by  anorexia,  malai.se  and  fever. 

Examination  on  admi.ssion  re\-ealed  a  temperature  of  100.4  and  findings  limited 
to  the  right  knee.  There  was  a  moderately  large  effusion  into  this  joint  which  was 
tender  and  partially  limited  in  motion.  Laboratory  findings:  Hgb.  12.4;  WBC 
8,900  with  a  slight  shift  to  the  left.  ESR  83.  Urine:  negative.  X-rays  of  the  right 
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Casp;  40,  Fig.  1.  AP  view  of  right  knee  .show  ing  rounde  d  lucent  area  of  lx)ne  destruction 
with  medial  sclerotic  border  in  lateral  femoral  condyle.  There  is  a  large  collection  of  fluid 
within  the  joint  space. 


Case  40,  Fig.  2.  Oblique  projin  tion  of  right  knee  showing  posterior  position  of  area  of 
bone  involvement  with  partial  destruction  of  post<Tior  cortical  wall. 
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knee  (Figs.  1,  2)  showed  ti  rounded  lucent  area  of  hone  destruction  in  the  lateral 
aspect  of  the  distal  fenioral  epiphysis.  The  medial  periphery  of  the  area  showed 
some  difl'use  reactive  sclero.sis.  The  cortex  along  the  posterior  aspect  of  the  lesion 
was  considerably  demineralized  and  seemed  to  be  destroyed  in  some  places. 

The  knee  was  a.spirated  and  2")  cc  of  thick,  pinkish-yellow  fluid  obtained. 
Smear  showed  99 polymorphoiuiclear  leucocytes.  Culture  of  the  aspirate  re- 
vealed streptobacillus  moniliformis. 

The  child  ran  a  moderately  septic  course  with  spikes  as  high  as  104,  then 
gradually  returned  to  normal  under  treatment  with  penicillin  and  streptomycin. 
Follow-up  x-ray  studies  before  discharge  showed  some  degree  of  healing  e\'i- 
denced  by  increa.sed  .sclero.sis  about  the  lesion  and  beginning  restitution  of  the 
cortical  margin  of  the  bone. 

An  effort  to  account  for  the  source  of  the  streptobacillus  moniliformis  led  to 
the  information  that  mice  had  often  been  seen  in  the  patient's  apartment  build- 
ing and  on  his  floor.  The  patient  admitted  that  he  and  his  brother  had  found  a 
dead  rat  while  on  their  way  to  .school  sometime  previous  to  his  illness. 

Final  Diagnosis:  Pyogenic  .vkthhitic  .\xi>  ostko.mvelttis  due  to  stkepto- 

B.\CILLUS  MO.MLIFORMIS. 
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THE  PULMOXAHV  RADKKJRAI'HIC  CHANGES  OF  .MI'l  IJAL  DISEASE: 

-MITRAL  LUXd  DISFLVSE 

AirrUCH  CHISHMAX,  M.I). 
SIDXKV  JIC'K,  .M.l). 

A  .N  I) 

M.  T.  KHILXAXI.  M.l). 
Xew  York,  \.  Y. 

The  success  of  operations  on  the  mitral  viiWv  tor  mitral  stenosis  has  stimu- 
lated many  new  investigations,  detailed  analyses,  and  re-evaluations  of  older 
concepts.  Problems  relating  to  the  effect  of  longstanding  mitral  disease  upon 
the  vascular  (3),  and  respiratory  (4)  structures  of  the  lung  have  been  frequently 
discussed  in  the  past. 

We  have  been  greatly  interested  by  the  frecjuency,  severit}'  and  variety  of 
lung  changes,  in  their  radiographic  appearance,  and  feel  their  analysis  to  be  of 
diagnostic  and,  po.ssibly,  prognostic  significance.  We  also  feel  that  emphasis  as 
to  their  importance  and,  particularly,  their  frequency  will  stimulate  the  de- 
velopment of  suitable  techniques  for  the  appraisal  of  the  pulmonary  complica- 
tions of  longstanding  mitral  disease. 

MATERI.VLS  AM)  METHODS 

One  hundred  and  five  unselected  patients  with  isolated  or  predominant  mitral 
vah'ular  di.sea.se  have  been  reviewed  for  this  study.  All  patients  were  either 
hospitalized  at  The  Mount  Sinai  Hospital  or  were  seen  in  consultation.  Although 
all  were  ill  with  symptoms  of  mitral  \'ah'ular  di.sease,  no  effort  of  .selection  was 
made  on  any  other  basis.  Any  concomitant  aortic  or  tricuspid  valvular  lesions 
were  considered  to  be  minimal  and  not  contributory. 

l'"or  the  purpose  of  this  study  our  ca.ses  were  .separated  into  three  categories: 

1.  "Pure"  mitral  steno.sis; 

2.  Combined  mitral  stenosis  and  insufficiency; 

3.  "Pure"  mitral  insufficiency. 

Of  the  one  hundred  and  five  cases  the  diagnosis  was  confirmed  in  ()8  either  at 
surgery*  or  by  post-mortem  examination.  The  remaining  patients  were  classified 
on  the  l)a.sis  of  clinical  appraisal.  In  addition,  right-sided  cardiac  catheterization 
was  performed  in  43  patients.  In  most  patients  operated  upon,  lung  biopsies 
were  obtained  from  two  sites,  the  lingula  and  the  left  lower  lobe.  Three  cases  of 
aortic  \'alvular  disease  were  analyzed  for  one  point  of  the  discussion. 

From  the  IJepartments  of  Cardiology  and  I )iaKiio.-<tic  Radiology,  The  Mount  Sinai 
Ho.spital,  Xew  York,  X.  Y. 

*  Mo.st  patient.s  who  underwent  surgery  in  thi.s  series  were  operated  on  by  Dr.  Mark 
M.  Ravitch;  others  by  Drs.  Robert  Xabatoff  and  Irving  A.  Sarot.  The  cardiac  catheteriza- 
tions were  performed  by  the  Cardiac  Catheterization  Team  under  the  direction  of  Dr.  Alvin 
J.  Gordon.  Their  cooperation  in  our  studies  is  acknowledged  with  jjleasure. 
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Method  of  Analysis 

Pulmonary  roentgenograms  were  analyzed  with  particular  reference  to  the 
following  findings : 

1 .  A  diffuse  granular  mottled  appearance  which  gave  rise  to  an  increased  back- 
ground density  of  the  lung  fields;  this  will  be  referred  to  as  "diffuse  granular 
pattern". 

2.  Lines  B  of  Kerley;  referred  to  as  "septal  lines". 

3.  Nodular  calcification  and  ossification. 

4.  Hemosiderosis. 

RESULTS 

Group  I.  "Pure"  mitral  stenosis;  mitral  stenosis  without  mitral  insufficiency 

This  group  was  composed  of  71  cases:  confirmation  was  made  at  operation 
or  post-mortem  in  46.  The  diffuse  granular  pattern  was  seen  46  times.  It  was 
best  seen  bilaterally,  extending  to  the  peripheral  lung  fields  and  somewhat  more 
prominent  in  the  lower  half.  It  produced  a  mottled  appearance  of  the  lung  fields 
with  a  loss  of  the  normal  radiolucency  of  the  lung  to  a  varying  degree.  In  26 
cases,  the  lines  B  of  Kerley,  or  septal  lines,  were  observed.  Nodular  calcification 
or  ossification  was  seen  in  10  and  hemosiderosis  in  9  (Table  I). 

Group  II.  Mitral  stenosis  in  combination  with  varying  degrees  of  mitral  insufficiency 

(mild  to  moderate) 

This  group  consisted  of  23  patients  in  whom  the  diagnosis  was  confirmed 
fourteen  times  either  by  post-mortem  examination  or  surgical  exploration. 

The  diffuse  granular  pattern  was  seen  in  17  cases  and  septal  lines  (Kerley) 
in  11,  nodular  ossification  in  5  and  hemosiderosis  in  6  (Table  I). 

Group  III.  "Pure"  mitral  insufficiency;  mitral  insufficiency  without  mitral  stenosis 

of  significance 

Eleven  patients  were  in  this  group;  the  diagnosis  was  confirmed  in  three  on 
post-mortem  examination.  All  patients  were  "symptomatic",  most  of  them 
in  an  advanced  state  of  decompensation.  None  of  the  cases  in  this  group  demon- 
strated either  a  diffuse  granular  pattern,  septal  lines  (Kerley),  nodular  ossification 
or  hemosiderosis. 

Three  cases  of  rheumatic  valvular  disease  of  the  aorta  without  associated 

TABLE  I 


Roentgenoyraphic  findings  in  105  unselecled  cases  o  f  niilral  disease 


Number  of 
cases 

Diffuse 
granular 
pattern 

Kerley  lines 

Nodular 
ossification, 
calcification 

Hemo- 
siderosis 

"Pure"  Mitral  Stenosis  

71 

46 

26 

10 

9 

Mitral  Stenosis  and  Insufficiency .  . 

2.3 

17 

11 

5 

6 

"Pure"  Mitral  Insufficiency  

11 

0 

0 

0 

0 
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mitral  disease,  calcilied  aoitic  stenosis  in  two  (with  post-mortem  confirmation), 
and  aortie  insuHicieney  in  one,  have  l)een  seen  who  showed  disci'ete  l)ut  (Hstinct 
septal  lines  of  Kerley. 

Siiniuinr!/  of  Results 

The  eoiiibiiied  group  of  1)4  cases  of  "pure"  mitral  stenosis  and  mitral  stenosis 
in  iissociatiou  with  mild  to  moderate  mitral  insufficiency  showed: 

Diffuse  gramilar  pattern   63  (59%)* 

Septal  lines  of  Kerley   37  (34%) 

Xodular  ossification   15  (14%) 

Hemosiderosis   15  (14%) 


COHHEI.ATIVE  STUDIES 

Because  of  the  nature  of  the  selection  of  cases  in  this  series,  which  includes 
only  patients  with  significant  clinical  symptoms,  a  correlative  study  between  the 
severity  of  the  clinical  symptoms  and  the  radiographic  appearance  of  the  lung 
fields  was  not  made.  Xone  of  our  patients  with  mitral  stenosis  alone  or  mitral 
stenosis  in  association  with  \-arying  degrees  of  mitral  insufficiency  ever  showed 
normal  pulmonary  parenchyma.  The  diffuse  granular  pattern  was  observed  as- 
sociated with  both  normal  as  well  as  greatly  elevated  resting  pulmonary  artery 
pressures.  The  presence  of  septal  lines  (Kerley)  was  associated  with  elevated 
pulmonar.y  artery  and  "pulmonary  capillary"  pressures  in  every  instance  in 
which  cardiac  catheterization  had  been  performed,  with  the  resting  pulmonary 
artery  pressure  ranging  from  60  to  150  mm  Hg.  The  "pulmonary  capillary" 
pressure  was  found  to  be  between  20  to  25  mm  Hg.  in  three  of  these  with  the 
remainder  well  above  25  mm  Hg.  In  the  cases  w4th  hemosiderosis  the  lowest 
systolic  resting  pulmonary  artery  pressure  was  45  mm  with  the  "pulmonary  capil- 
lary" pressures  above  25  mm  Hg.  Xodular  ossification  was  found  associated 
with  low  as  well  as  high  resting  pulmonary  arterial  and  or  "pulmonary  capil- 
lary" pressure. 

The  diffuse  granular  pattern  was  present  in  patients  with  mild  as  well  as  severe 
clinical  symptoms.  Conversely,  some  severely  ill  patients  failed  to  show  this 
roentgen  pattern.  Septal  lines  (Kerley)  were  generally  associated  with  advanced 
symptoms.  Hemosiderosis  was  freciuently  but  not  consistently  associated  with 
a  history  of  hemoptysis. 

A  significant  number  of  patients  with  the  diffuse  granular  pattern  also  showed 
septal  lines.  However,  some  cases  with  septal  lines  were  not  associated  with 
the  diffuse  granular  pattern.  Xodular  ossification  and  hemosiderosis  w'ere  seen 
in  the  same  case  only  occasionally.  In  fi\'e  cases  all  four  abnormalities  w'ere  seen 
concomitantly,  all  being  far  advanced. 

Although  the  eleven  cases  of  "pure"  mitral  insufficiency  were  ".symptomatic", 
aside  from  an  increased  prominence  of  the  pulmonary  arterial  vasculature  and 

*  These  percentages  are  not  meant  to  imply  a  statistically'  valid  analysis  hut  merely 
to  illustrate  the  tendency  of  distribution. 
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occasional  pulmonary  edema,  the  diffuse  granular  pattern,  septal  lines  (Kerley), 
nodular  ossification  and  hemosiderosis  were  not  seen. 

THE  KADIOGKAPHIC  APPEARAXCE  OF  THE  PULMOXARY  CHAXGES 

The  diffuse  granular  pattern  which  gi\es  the  fine  mottled  appearance  and  in- 
creased density  to  the  lungs  in  the  majority  of  cases  of  mitral  stenosis  (with  or 
without  mitral  insufficiency)  is  produced  by  interstitial  induration  (2,  8,  18, 
21,  22,  24,  28,  30,  31).  Its  differentiation  from  the  vascular  structures  seem  to 
offer  few  difficulties  to  the  experienced  observer.  Although  similarity  between 
these  two  has  occasionally  been  reported,  angiocardiographic  analysis  has  proven 
the  non-\ascular  nature  of  the  diffuse  granular  pattern  beyond  doubt  (9).  Its 
precise  delineation  from  hemosidero.sis  is  more  difficult,  perhaps  not  actually 
warranted  in  severe  forms  of  the  former  and  mild  instances  of  the  latter. 

Although  identical  pathological  changes  of  the  pulmonary  arteries  and 
arterioles  have  been  reported  in  mitral  stenosis  as  well  as  mitral  insufficiency, 
it  has  also  been  noted  that  interstitial  fibrotic  changes  were  not  .seen  in  mitral 
in.sufficiency  (19).  This  conforms  exactly  with  our  observations  of  the  lung  in 
ca.ses  of  ''pure"  or  "essentially  pure"  ca.ses  of  mitral  insufficiency:  the  diffu.se 
granular  pattern,  septal  lines,  nodular  ossification  and  hemosiderosis  are  not 
seen  in  "  pure"  mitral  insufficiency.  Although  atrial  mean  pressures  in  mitral 
in.sufficiency  are  similar  to  those  found  in  mitral  .stenosis,  the  stimulus  to  inter- 
.stitial  pulmonary  induration  appears  to  be  lacking.  We  have  no  ready  explana- 
tion for  this.  Probably,  the  shorter  duration  of  mitral  in.sufficiency  in  its  more 
severe  form,  and  the  rapid  downhill  course  once  left  ventricular  failure  has 
occurred,  may  be  significant  factors,  ^'ascular  abnormalities  and  pulmonary 
edema  as  the  result  of  left  \entricular  and  left  atrial  failure  are  regarded  as 
changes  apart,  and  not  as  pulmonary  parenchymal  changes  per  .se. 

The  septal  lines  B  of  Kerley  (1,  10,  18,  33)  are  frequenth'  .seen  in  mitral  stenosis 
and  are  in  our  opinion  of  considerable  diagnostic  importance.  The  linear  shadows 
as  .seen  radiographically  are  0.5  to  1.5  mm  in  breadth  and  5  to  15  mm  in  length. 
The  margins  are  usually  sharp  and  of  relatively  con.stant  width,  occasionally 
being  slighth^  broader  in  the  middle.  Uncommonly,  they  are  slightly  heavier, 
somewhat  more  fuzzy  in  outline,  often  diminishing  or  disappearing  if  beneficial 
clinical  results  are  obtained  from  surgical  or  medical  treatment.  They  have  a 
definite  predeliction  for  the  lung  bases  and  are  usually  .seen  at  the  extreme  pe- 
riphery of  the  lung  perpendicular  to  the  pleura,  i.e.,  they  are  almo.st  parallel  to 
each  other.  Their  differentiation  from  blood  vessels  in  the  periphery  shows  them 
to  be  continuous  with  more  central  va.scular  structures  and  without  tapering 
configuration.  Focal  and  linear  atelectasis  offer  no  problem  in  differentiation  as 
neither  will  show  the  thin  line,  regular  .shape,  and  peripheral  parallel  arrangement 
of  the  septal  lines  of  Kerley.  With  practice,  they  can  be  easily  identi- 
fied (Figures  1-3). 

When  lung  .slices  are  examined  by  the  technique  of  Goff  and  Went  worth,  it 
is  readily  apparent  that  these  lines  corre.spond  in  .size  and  distribution  to  the 
interlobular  septa.  Fleischner  and  Riener  (18)  have  reported  two  cases  of  mitrai 


Fig.  1.  Advanced  mitral  stenosis.  Marked  enlargement  of  the  heart  to  the  left,  which  is 
probably  entireh'  due  to  right  ventricular  enlargement.  ^larked  prominence  of  main  pul- 
monary artery  and  secondary  branches.  Increased  interstitial  markings.  Numerous  parallel 
horizontal  lines  in  right  lower  lung  field.  The  Kerley  lines  were  a  constant  finding,  and 
therefore  not  due  to  transient  seijtal  edema. 

steno.'^is  with  Kerloy  lines  in  which  hemosiderosis  was  found  in  one  instance 
and  interlol)ular  septal  edema  was  regarded  as  responsible  in  the  other.  Although 
not  histologically  established,  three  stages  of  development  may  be  assumed: 

(a)  interlobular  septal  edema,  if  not  relieved  or  of  longstanding,  giving  waj'  to 

(b)  fibrosis,  which  in  the  course  of  time  may  be  further  altered  by  (c)  hemo- 
siderotic  deposits.  In  our  experience  they  are  only  occasionally  of  transient  na- 
ture, i.e.,  giving  way  to  otherwise  succes.sful  .surgical  or  medical  management. 
Most  often  they  are  unaltered  in  appearance  or  number,  even  when  most  ex- 
cellent therapeutic  re.sults  are  achiev^ed. 

It  has  been  suggested  that  Kerley  lines  may  appear  radiographically  when 
the  pulmonary  artery  wedge  pressure  is  greater  than  80  mm  Hg  and  will  then 
exceed  the  normal  plasma  osmotic  pressure  (1).  Although  it  is  appreciated  that 
this  will  affect  pulmonary  parenchymal  lymph  flow  and  pressure,  precise  knowl- 
edge of  the  relationship  is  wanting.  The  fact  that  we  have  ob.served  instiuices 
in  which  pulmonary  artery  "wedge"  pressure  was  below  25  mm  Ilg  imder  es- 
.sentially  basal  conditions  does  not  preclude  significantly  higher  level  during 
effort  and  other  non-btisal  states. 

As  .stated  above,  Kerley  lines  may  occasionally  vary  in  number,  .size,  or  di.s- 
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Fig.  2A.  The  patient  has  severe  mitral  .stenosis.  Pulmonary  artery  pressure  150  mm  Hg. 
The  pulmonai'y  artery  is  markedly  dilated  as  are  the  proximal  secondary  branches.  The 
concavity  between  the  pulmonary  artery  and  lower  left  cardiac  contour  is  due  to  the  surgical 
removal  of  the  left  atrial  appendage.  Numerous  parallel  septal  lines  are  seen  in  right  lower 
lung  field. 


Fig.  2B.  Same  patient  as  in  Figure  2A.  The  illustration  on  the  left  represents  a  higher 
magnification  of  the  posterior-anterior  view,  showing  the  Kerley  lines  well.  The  illustra- 
tion to  the  right  shows  the  same  section  in  a  .slight  right  anterior  oblique.  Often,  the  Kerley 
lines  are  seen  to  better  advantage  in  moderately  oblique  views. 
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Fic.  3A.  Severe,  j)ure  mitral  stenosis  with  acute  pulinoiiarv  edema  in  the  ilhisl  ration 
to  the  left  and  after  medical  therapy  had  been  institnt(ul  to  the  right.  Aside  from  hilar  con- 
gestion and  some  pidmonarv  edema,  broad  Kerlev  lines  are  seen  in  the  right  lower  lung 
field.  Their  outline  is  somewhat  fu7,z>-.  In  the  illustration  to  the  right,  the  number  of  Kerley 
lines  is  fewei .  their  width  has  considerablx'  diminished  and  their  outline  is  more  sharply 
defined.  The  Kerlev  lines,  as  shown  on  the  right,  remained  thereafter.  One  can  assume;  that 
septal  thickening,  as  seen  on  the  right,  was  associated  with  septal  edema  during  the  acute 
congestive  period. 


ViG.  Mi.  Same  i)atient  as  in  Figure  3A.  Right  lowi  i  lung  held  at  higher  magnification. 
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appear  altogether.  Usually,  they  are  a  permanent  finding.  Carmichael  and  his 
associates  (1)  noted  Kerley  lines  in  mitral  stenosis  as  well  as  in  mitral  insuffi- 
ciency; none  of  our  cases  of  "pure"  or  predominant  mitral  insufficiencj'  ex- 
hibited any. 

The  dynamic  conditions  suitable  for  the  production  of  Kerley  lines  are  ap- 
parently rarely  reached  in  cardiac  conditions  other  than  mitral  .stenosis.  We  have 
not  seen  them  in  congestive  heart  failure  from  either  coronary  artery  or  hyper- 
tensive heart  disease.  We  have  seen  one  exception  in  an  instance  of  idiopathic 
hypertrophy  with  very  far  advanced  heart  failure.  They  were  poorly  defined  and 
few  in  number.  Other  exceptions  .showing  septal  lines  of  Kerley  were  occasionally 
encountered  in  aortic  valvular  disease  of  rheumatic  origin  with  failure.  One  of 
these  with  calcified  aortic  stenosis  of  severe  degree  and  incipient,  as  yet  un- 
treated, heart  failure  (paroxysmal  nocturnal  dy.spnea  only)  showed  a  large 
number  of  Kerley  lines,  which  readily  disappeared  under  appropriate  treatment 
(Figure  4).  The  patient  .succumbed  to  heart  failure  three  months  later.  In  the 
second  patient  with  an  extensively  calcified  aortic  stenosis,  a  very  few  discrete 
Kerley  lines  were  seen  during  a  period  of  severe  pulmonary  congestion  .shortly 
before  patient  died.  Another  patient  with  .severe  aortic  insufficiencj'  and  incipient 
congestive  heart  failure  showed  a  few  discrete  Kerley  lines  bilatei'ally,  which, 
incidentally,  remained  unaffected  by  therapeutic  measures.  None  of  these  cases 
had  any  demonstrable  mitral  disease;  by  clinical  evaluation  in  the  fir.st  and 
third  cases  and  by  post-mortem  examination  in  the  second.  The  verj^  fact  that 
these  cited  exceptions  have  been  observed  underlines  the  diagnostic  significance 
of  Kerley  lines  for  the  presence  of  advanced  mitral  .steno.sis,  by  degree  as  well 


Fig.  4.  Calcareous  aortic  steno.sis.  With  tlie  appearance  of  pulmonary  edema,  numerous 
Kerley  lines  were  seen  in  both  lower  lung  fields,  particularly  well  in  the  left  lower  lung  field. 
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a.s  clinical  cause.  It  I'urtlu'nnoro  should  he  limited  to  dilTerential  diasnostic 
considerations  of  cardiac  diseases  alone. 

I'ntil  recently,  pulmonary  hemosiderosis  has  been  thought  to  be  rare  (2,  8, 
18,  21,  22,  24,  28,  30,  31).  It  may  be  found  in  association  with  mitral  steno.sis 
and  only  very  occasionally  in  advanced  longstanding  congestive  heart  failure. 
Without  association  of  any  primary  heart  tlisease  (secondary  pulmonary  hyper- 
tension has  been  recorded  in  one  obser\ed  instance  by  us),  it  may  occur  in  chil- 
di  'en  as  a  disease  entity  of  unknown  etiologv.  Esposito  (24)  in  a  recent  review 
of  100  autopsied  cases  of  rheumatic  heart  disea.se,  including  all  varieties  of 
\al\ular  in\-ol\-ement,  found  a  o  per  cent  incidence  of  hemosiderosis  by  radio- 
graphic examination,  as  contrasted  with  a  28  per  cent  incidence  by  post-mortem 
examination.  Of  the  latter,  all  but  four  had  mitral  stenosis,  and  all  five  cases  with 
radiographic  e\-idence  had  mitral  stenosis.  This  discrepancy  between  the  inci- 
dence on  radiographic  and  on  pathological  examination  had  been  commented 
upon  previously.  Although  collections  of  homosiderin-laden  macrophages  occur 
in  pulmonary  congestion,  regardless  of  etiology,  their  appearance  is  more  discrete 
and  their  distribution  diffuse.  In  cases  of  mitral  stenosis,  hemo.siderotic  changes 
are  seen  either  grossly  or  microscopically  in  distinct  nodular  arrangement.  Hemo- 
siderin gi\-es  the  appearance  of  being  packed  into  the  alveolar  spaces,  frequently 
with  a  fibrotic  reaction  in  the  adjoining  alveolar  spaces.  The  alveoli  in  the  sur- 
rounding parenchyma  are  often  unin\-olved,  and  there  may  be  no  pathological 
evidence  of  chronic  pa.ssive  congestion.  Hemosiderotic  nodules  smaller  than  one 


Fig.  5.  Mitral  steno.sis,  as.^ociated  with  mild  mitral  insufficiencv.  Marked  increase  of 
background  den.^ity  in  both  lung  field.*,  with  a  distinct  teiidencv  to  conglomeration.  Thi.s 
form  of  rather  diffuse  hemosiderotic  deposits  throughout  both  lung  field.s  is  uncommon. 
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mm  are  usually  not  visible  ^adiographicalh^  The  distinct  nodular  character  will 
be  noted  when  their  diameter  measures  two  to  three  mm  or  more  (Figure  5). 
Howe\'er,  correlation  between  size  of  nodule  and  radiographic  visibility  depends 
on  many  variables,  including  roentgenographic  technique  and  equipment,  over- 
lapping and  superimposition  of  shadows. 

Association  of  hemosiderosis  with  freciuent  episodes  of  hemoptysis  has  often 
been  described,  but  such  a  history  is  not  obtained  in  all  cases.  It  is  generally 
considered  that  repeated  intrapulmonary  hemorrhages  constitute  the  patho- 
genetic basis  of  nodular  hemosiderosis.  Strassman  (30)  has  shown  that  although 
erythrocytes  introduced  into  the  alveoli  are  usually  removed  by  macrophages 
within  24  hours,  their  removal  is  delaj'ed  in  the  presence  of  pulmonary  edema. 
Intra-pulmonary  hemorrhages  with  accompanying  venous  congestion  may  in- 
terfere with  the  lymphatic  drainage  of  phagocj^tosed  erythrocytes,  as  proposed 
by  Gumpert  (21). 

Xodular  hemosiderosis  usually  occurs  in  advanced  mitral  stenosis,  but  in 
itself  its  prognostic  significance  should  not  be  considered  a  contraindication  to 
mitral  surgery.  In  our  series,  hemosiderosis  did  not  occur  in  any  of  the  ca.ses 
of  pure  mitral  insufficiency.  With  evidence  of  mitral  stenosis,  apparent  nodular 
hemosiderosis  will  rarely  present  difficulties  in  its  differentiation  from  miliary 
tuberculosis,  histoplasmosis,  sarcoidosis  and  the  pneumoconioses. 

Xodular  ossification  in  the  lungs  in  a.s.sociation  with  mitral  steno.sis  has  pre- 
viously been  reported  by  one  of  us  (11 )  with  emphasis  on  its  radiographic  appear- 
ance, pathogenesis,  histological  appearance  and  clinical  significance.  Its  associa- 
tion with  mitral  stenosis  was  first  de.scribed  by  Salinger  (29)  in  1932.  It  is  seen 


Fig.  6.  Pure  mitral  steno.sis  of  severe  degree.  Numerou.s  nodular  os.sificatiou.s  are  seen 
in  both  lower  lung  fields.  The  illustration  to  the  right  shows  the  left  lower  lung  field  at  a 
higher  magnification.  The  variability  of  size  and  contour  of  the  nodular  ossifications  is 
well  shown. 
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Fu;.  7.  I'uip  mitral  iiisufficipiicv  with  ndvaiiced  congestive  iicait  failure.  Note  the  ab- 
sence of  interstitial  pareiu-hymal  infiltrates.  Only  the  vascular  structures  are  j)romi- 
nently  seen. 

bilaterally  (Figure  (i),  with  a  ba.sal  di.strihutioii,  having  a  rounded  appearance 
of  great  density  (11,  25,  26,  29).  Histologieally,  the  nodules  consist  of  bony 
ti.ssue,  although  earh'  lesions  have  been  seen  with  only  central  calcification.  They 
most  likely  represent  the  end-result  of  an  absorptive  process  of  alveolar  exudates 
or  infiltrates.  They  have  been  observed  in  patients  prior  to  the  appearance  of 
clinical  congestive  heart  failure  and  even  in  some  asymptomatic  patients.  The 
incidence  of  almost  15  per  cent  in  our  series  indicates  that  this  is  not  at  all  an 
infrequent  finding.  The  observation  that  the  resting  pulmonary  artery  and 
wedge  pressures  may  not  be  elevated  appreciably  in  some  cases,  correlates  with 
the  finding  that  the  presence  of  nodular  ossifications  may  not  always  be  directly 
correlated  with  the  severity  of  the  disease.  Again,  as  with  the  diffuse  granular 
pattern,  Kerley  lines,  and  hemosiderosis,  nodular  ossifications  were  not  seen 
in  "pure"  mitral  insufficiency  (Figure  7).  For  that  matter,  they  have  never  been 
observed  in  any  other  heart  disease  hut  mitral  stenosis  (without  or  with  mild 
to  moderate  mitral  insufficiency). 

DIFFEREXTI.VL  DI.\C;XOSTIC  COXSIDERATIOXS 

When  the  ob.server  is  obliged  to  analyze  a  chest  roentgenogram  without  prior 
knowledge  of  the  presence  of  vah'ular  disease,  or  when  the  hitter's  existence 
does  not  become  apparent  from  the  cardiac  silhouette,  the  differential  diagnosis 
of  mitral  lung  lesions  may  at  times  be  (luite  difficult.  Since,  however,  such  an 
unsuspecting  approach  will  only  be  practiced  as  an  intellectual  exercise  and 
not  in  clinical  practice,  the  problem  will  have  shrunk  to  a  minimum. 

Interlobular  septal  lines  may  be  seen  in  other  diseases  not  in\-ol\-ing  the  heart, 
as  in  lymphangitic  carcinomatosis,  Boeck's  sarcoid,  silicosis,  anthracosis.  We 
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haA'e  seen  such  a  roentgenographic  appearance  in  one  case  of  Sickle  cell  disease 
(unpublished  data).  Still,  in  association  with  heart  disease,  they  have  only  been 
seen  distinctly  with  mitral  stenosis  and  very  occasionally  with  aortic  valvular 
disease. 

SUMMARY 

The  pulmonary  roentgenographic  findings  in  105  unselected  cases  of  mitral 
disease  ha\'e  been  analyzed.  All  patients  when  seen  were  symptomatic.  Further- 
more, three  patients  with  aortic  vah  ular  disease  of  rheumatic  origin  have  also 
been  re\'iewed,  because  of  certain  findings  pertinent  to  this  study. 

The  patients  with  mitral  disea.se  consisted  of  71  cases  of  "pure"  mitral  stenosis, 
23  cases  with  mitral  stenosis  and  mild  to  moderate  mitral  insufficiency  and  11 
cases  of  "pure"  mitral  insufficiency. 

Four  varieties  of  pulmonary  roentgenographic  abnormalities  were  encoun- 
tered: (a)  a  diffu.se  granular  pattern;  (b)  interlobular  septal  lines  B  of  Kerley; 
(c)  nodular  ossification  and  (d)  hemosiderosis. 

The  cases  with  mitral  stenosis  with  or  without  some  mitral  insufficiency, 
showed : 

Diffu.se  granular  pattern  in  about  60  per  cent; 
Septal  lines  in  about  35  per  cent; 

Xodular  ossification  and  hemosiderosis  in  about  15  per  cent  each. 

Xone  of  these  cases  of  mitral  stenosis,  with  or  without  mitral  insufficiency, 
was  free  of  all  radiographically  demonstrable  pulmonar3^  abnormality.  Xone 
of  these  pulmonarj-  changes  were  seen  in  any  of  the  ca.ses  of  "pure"  mitral  in- 
sufficiency. 

The  fact  that  septal  lines  (KerlejO  have  been  seen,  although  as  an  exception, 
in  aortic  valvular  disease,  has  been  mentioned. 
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THE  C'OXCKl'T  01'  IIXOC'UIXK  SEC'UKTIOX  OK  lOLEC'TKOLY  TKS  AS 
\1E\VED  BY  A  GASTHOIXTESTIXAL  PHYSIOIXXJIST' 


FHAXKI.IX  HOI.I.A.XDKH,  I'li.l). 
Xnr  York,  .V.  1'. 

As  a  student.  I  was  <j;r('atly  int riji'ucci  i)y  tlic  al)ility  of  the  Ixxly  to  produce  a 
strong  inorjianic  acid  like  II("1  at  concentrations  of  0.1  X  and  hiji,her.  I  felt  con- 
fident that  this  synthesis  must  rest  on  a  physico-chemical  fomulation — probably 
very  simple  in  its  essence,  but  certainly  on(>  which  mi}>;ht  be  investigated  with 
much  profit  and  pleasure  by  means  of  the  precise  concepts  and  methods  of  the 
physical  chemists.  Sub.se(|uently,  1  learned  that  the  pancreas  can  produce  bi- 
carbonate in  eciually  high  concentrations,  and  that  the  salivary  glands  and  the 
kidneys  also  produce  fluids  with  unusual  and  not  ea.sily  explained  electrolyte 
patterns.  In  this  way,  I  was  led  to  wonder  alxnit  exocrine  .secretions  in  general, 
and  about  the  intracellular  mechanisms  by  which  these  highly  specialized  fluids 
are  produced,  and  whether  these  various  exocrine  electrolyte  processes  function 
according  to  certain  common  designs.  There  exists  todaj*  a  strong  tendency 
among  investigators  in  this  broad  area  to  formulate  working  hypotheses  and  to 
design  their  experiments  in  accordance  with  some  generalized  pattern.  I  am  mind- 
ful of  one  of  my  erstwhile  associates  who  immigrated  to  our  laboratory  from  a 
group  in  which  acid  formation  in  the  kidney  was  the  current  problem,  and  who 
set  out  to  convince  me  by  our  own  experiments  of  the  essential  similarity  of 
renal  and  gastric  acid  formation.  It  is  generalized  thinking  of  this  kind  which 
has  led  me  to  entitle  my  presentation  "The  Concept  of  Exocrine  Secretion". 

Gastrointestinal  physiologi.sts  apply  the  term  "exocrine"  to  all  the  electrolyte, 
enzyme,  and  mucous  secretions  of  the  alimentary  canal.  Except  for  l)ile  salts,  the 
discharge  of  most  other  organic  substances  into  the  lumen  of  this  tract  is  con- 
sidered as  excretory,  and  the  mechanics  of  such  excretions  are  not  usually  thought 
of  in  the  present  context.  Included  in  the  general  category  of  exocrine  .secretions, 
we  find  also  various  fluids  formed  by  other  organs,  including  the  renal  tubule, 
the  sweat  glands,  and  .sometimes  also  the  frog  skin.  This  is  in  keeping  with  the 
dehnitions  given  by  the  X'ew  Gould  Medical  Dictionary:  a  secretion,  in  general, 
is  defined  as  "a  certain  substance  [formed]  from  materials  furnished  by  the  blood" 
and  "is  either  eliminated  from  the  body  (excretion)  or  used  in  carrying  on  special 
functions".  Then,  an  exocrine  secretion  is  one  which  is  delivered  "to  an  epithelial 
surface,  either  directly  or  by  means  of  ducts",  in  contradistinction  to  an  endo- 
crine secretion,  which  moves  internally  or  into  the  blood  stream.  At  this  point, 
it  is  interesting  to  recall  the  cau'rent  notion  that  the  zymogen  cells  of  the  stomach 
and  pancreas  are  both  exocrine  and  endocrine,  and  the  evidence  reported  by 

From  the  Ga.stroenterology  Research  Laboratory,  The  Mount  Sinai  Hospital,  New 
York,  X.  Y. 
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Dr.  Henry  Janowitz  and  mj^self  that  intracellular  pepsinogen  appears  to  be 
secreted  in  two  directions  simultaneously  in  accordance  with  a  coefficient  of 
exocrine-endocrine  partition  which  is  fairly  uniform  under  fixed  physiological 
conditions  and  independent  of  the  rate  of  secretion.  In  spite  of  this  dual  role  of 
at  least  two  of  the  enzyme-forming  glands,  the  meaning  of  exocrine  secretion  is 
unequivocal,  and  applies  ecjualh'  well  regardless  of  whether  the  secretion  be 
merocrine,  as  in  the  case  of  the  parietal  cells;  holocrine,  as  in  the  case  of  the 
sebaceous  glands;  or  apocrine,  as  in  the  mammary  glands. 

Thus,  exocrine  secretions  are  characterized  predominantly  by  their  being 
delivered  at  epithelial  surfaces.  But  what  of  the  mechanisms  by  which  different 
exocrine  cells  effect  their  specific  syntheses?  Dare  we  expect  that  different 
glands  of  electrolyte  secretion,  from  different  organs,  possess  essentially  the  same 
mechanisms  of  formation?  Obviously,  the  chemical  processes  for  generating 
zymogen  and  mucous  secretions  must  be  different  from  those  for  the  electrolyte 
secretions,  even  though  the  former  may  contain  inorganic  solutes  along  with 
organic  substances.  On  the  other  hand,  Dr.  Earl  Thomas  has  presented  the 
thought  that  the  HCl-forming  cell  of  the  stomach  and  the  bicarbonate-forming 
cell  of  the  pancreas  may  operate  in  the  same  way  but  with  reversed  polarity, 
because  the  parietal  cell  ejects  bicarbonate  into  the  interstitial  spaces  as  a  by- 
product of  HCl  formation,  and  the  pancreatic  cell  ejects  HCl,  though  in  neutral- 
ized form,  as  a  by-product  of  its  bicarbonate  secretion.  Other  gastrointestinal 
physiologists  treat  the  entire  epithelial  layer  of  the  stomach  as  a  unitary  agent 
responsible  for  the  process  of  gastric  secretion  of  all  the  electrolytes,  much  as 
the  renal  physiologists  do  with  the  tubular  epithelium  and  the  general  physi- 
ologists do  va\\x  the  frog  skin  membrane.  This  search  for  unity  has  come  about 
very  naturally,  because  of  the  ease  of  transition  from  dealing  with  the  "mucous 
membrane"  as  a  convenient  morphological  expression,  to  using  it  as  a  single 
physiological  entity,  analogous  to  membranes  employed  in  studying  purely 
physico-chemical  phenomena. 

How  valid  for  the  purposes  of  hypothesis  formulation  is  this  treatment  of  the 
"mucous  membrane"  as  a  unitary  structure,  and  the  concept  of  exocrine  secretion 
as  a  unified  process?  These  questions  were  uppermost  in  my  mind  when  I  first 
started  to  study  gastric  HCl  formation,  and  subsequent  extensions  of  my  in- 
quiries to  mucus  and  pancreatic  secretion  were  in  great  measure  extensions  of  my 
concern  with  these  more  general  questions.  As  a  result,  I  have  been  able  to  form 
for  myself,  at  least,  a  clear  view  about  the  inadequac}'  of  such  unitary  treat- 
ments of  the  gastric  mucosa  and  the  liquid  we  call  gastric  juice;  and  I  propose 
now  to  take  you  o\-er  the  course  of  the  investigations  which  have  brought  me  to 
this  conclusion. 

The  literature  of  gastric  secretory  physiology  prior  to  1925  gave  few  indica- 
tions of  efforts  to  formulate  research  objectives  in  precise  quantitative  terms, 
and  to  employ  experimental  procedures  consonant  with  the  demands  of  a  phj'sico- 
chemical  attack.  The  chief  tools  which  I  found  available  to  me  were  first  and  fore- 
most, the  isolated  stomach  pouch  technique  for  the  continuous  collection  of" 
"pure"  gastric  juice;  and,  secondly,  histamine  and  food  as  verj^  potent  stimuli 
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for  evoking-  gastric  socrotory  activity.  Starting  with  those  tools,  but  with  no 
precoiicei\ed  hypothesis,  Dr.  C'owgill  and  I  set  out  to  repeat  an  exceetUngly 
simple  experiment  which  had  been  done  by  many  investigators  before  us.  This 
consi-sted  of  suspending  a  Pavlov  pouch  dog  in  a  .stand,  with  a  funnel-shaped 
device  for  collecting  the  secretion  as  it  dripped  out  of  the  pouch,  collecting 
the  ba-sal  .secretion  for  two  to  four  (juarter-hour  periods,  injecting  histamine  at 
moderate  dosage,  and  collecting  successive  ([uarter-hour  .samples  thereafter.  On 
these  specimens  we  mea.sured  the  rate  of  secretion  as  Nolume  per  l.')-minute 
sample,  and  free  ;uid  total  acidities. 

I  hope  you  will  forgi\-e  this  narration  of  elementary  procedural  details;  I  state 
them  in  order  to  define  clearly  certain  changes  which  I  subsequently  found  to  be 
necessary  and  still  consider  of  great  importance.  Actually,  it  recjuired  only  a  few 
such  experiments  to  demonstrate  their  weaknes.ses. 

In  the  first  place,  the  pouch  mouths. were  surrounded  by  extensive  excavations 
of  eroded  skin  and  subcutaneous  tis.sues  a  difficulty  which  we  shared  with  most 
other  workers.  This  condition  resulted  not  only  in  great  discomfort  to  the  animal, 
but  in  considerable  contamination  of  the  .specimens  because  of  the  funnel  shape 
of  the  juice  collectors.  Some  investigators  were  using  metal  or  hard  rubber 
caiuuilae  in  place  of  such  a  natural  stoma,  but  this  device  would  also  stimulate 
mucus  secretion,  traumatize  the  mucosa  and  contaminate  the  specimen  with 
exudate.  Conseciuently,  we  continued  to  use  the  natural  stoma,  but  introduced 
the  following  changes  in  technique.  Each  pouch  mouth  was  made  small,  and  in 
such  a  way  as  to  provide  a  rosette  of  extruding  mucosa  on  the  abdominal  surface. 
Then,  in  order  to  minimize  the  opportunity  for  erosion  of  the  skin,  the  animals 
were  dressed  twice  and  .sometimes  three  times  a  day,  using  a  more  efficient  type 
of  dre.ssing  than  before;  also  the  nocturnal  secretion  was  reduced  to  a  minimum 
by  allowing  the  dogs  to  feed  only  during  the  morning  hours.  Sometimes  the  mu- 
cosal rosette  retracted,  leaving  a  simple  .small  opening  through  the  skin.  In  any 
case,  skin  erosion  was  eliminated,  practically  entirely. 

In  addition  to  these  surgical  and  post-operative  procedures,  I  devi.sed  a  more 
efficient  type  of  collecting  device,  wherebj'  (luantitative  collections  of  secretion 
were  virtually  a.s.sured,  and  even  traces  of  external  contaminants  were  excluded. 
This  contraption  is  still  in  u.se  in  our  laboratory  without  any  e.s.sential  change. 

A  second  change,  this  time  in  analj'tical  technique,  also  had  to  be  made, 
though  this  was  not  done  until  later.  In  place  of  electrometric  pH  determina- 
tions, a  .suitable  .semi-micro  acid-titration  technique,  reliable  to  about  1  per  cent, 
had  to  be  devised,  becau.se  the  titrimetric  method  is  more  sensitive  in  the  free 
acidity  range  than  is  the  pH  method,  and  because  important  specimens  were 
often  very  small  and  the  determination  of  other  ions  as  well  as  acidity  was 
anticipated.  Free  and  total  acidities  were  defined  in  terms  of  precise  pH  end- 
points:  3.5  for  free  acidity,  becau.se  it  corresponds  to  an  HCl  concentration  of 
less  than  1  meq/L,  and  7.0  for  total  acidity,  because  it  is  the  neutral  point  of 
pure  water.  To  in.sure  the.se  end-points  precisely,  pairs  of  buffer  standards,  0.1 
of  a  unit  above  and  below  each  limiting  pH,  were  used,  with  brom-phenol  blue 
and  phenol  red  as  indicators. 
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One  other  serious  defect  in  the  experimental  design  must  be  mentioned.  This 
derived  from  an  error  in  the  volume-rate  of  secretion  data,  resulting  from  per- 
sistence of  and  variations  in  basal  (i.e.,  unstimulated)  secretion  of  HCl  through- 
out the  experiment.  This  error  was  never  remedied  until  recently,  when  we 
found  that  the  basal  secretion  of  a  fasting  dog  can  be  eliminated  completely  by 
means  of  an  adequate  resection  of  the  antrum. 

With  these  several  improvements  in  effect,  we  set  out  to  study  the  relation 
between  the  acidity  of  pure  gastric  juice  and  its  volume-rate  of  secretion.  Using 
this  continuous  collection  procedure  and  food  as  stimulus,  we  ob.served  a  good 
correlation  between  pH  and  flow-rate,  expressed  as  the  volume  of  each  15- 
minute  sample.  Results  following  a  subcutaneous  injection  of  histamine  were 
essentially  the  same,  when  the  dosage  was  around  0.05  mg  kg  body  weight. 

What  do  such  experiments  tell  us  about  the  nature  of  the  parietal  .secretion 
and  how  it  is  made?  Evidently,  they  are  wholly  in  accord  with  the  theory  which 
Rosemann  proposed  in  1907,  namely,  that  the  concentration  of  HCl  in  this 
primary  secretion  varies  with  the  rate  of  its  cellular  formation.  This  theory  has 
led  many  investigators  to  the  corollar\%  that  the  original  parietal  secretion  con- 
tains a  neutral  chloride — organic  or  inorganic — which  subsequent  to  lea\dng  the 
cell,  undergoes  hydrolysis  with  reabsorption  of  the  non-acid  product.  Modern 
counterparts  of  this  premise,  from  the  laboratories  of  Conway  in  Dublin,  the 
Scandinavian  schools,  and  some  of  our  American  colleagues,  are  expressed  in  terms 
of  ion-transport  and  -exchange  processes. 

But  this  wasn't  the  only  possible  interpretation  of  such  experiments.  In  1910 
(or  probably  before),  Pavlov  claimed  "that  the  gastric  juice  as  it  flows  from  the 
glands  possesses  a  constant  acidity."  This  generalization  was  essentially  hypo- 
thetical, as  indicated  by  his  further  statement  that  "It  is  a  rule  almost  without 
exception,  that  the  acidity  of  the  juice  is  closely  dependent  upon  the  rate  of 
secretion;  the  more  rapid  the  latter,  the  more  acid  the  juice  and  vice  versa." 
Quantitative  evidence  to  support  this  concept  of  constant  acidity  was  not 
given,  except  for  the  additional  comment  that  "if  the  stomach  had  been  washed, 
so  to  speak,  in  this  manner  several  times  in  succession"  [in  order  to  remove 
acid-neutralizing  mucus  hy  discarding  the  portions  of  the  juice  fir.st  to  flow  over 
the  mucus-covered  surface]  "not  infrequently  all  connection  between  rate  of 
secretion  and  degree  of  acidity  can  be  removed."  Such  a  constant  acidity  theory 
had  been  formulated  in  1883  by  Heidenhain,  but  the  supporting  evidence  at  that 
time  also  derived  only  from  some  casually  collected  specimens  of  dog  juice.  A 
survey  of  the  physiological  literature  up  to  1930  revealed  many  proponents  of 
both  the  Ro.semann  and  the  Heidenhain-Pavlov  theories,  but  no  conclusive  evi- 
dence to  resolve  the  conflict  between  them.  It  was  this  lack  that  determined  m}- 
subsequent  experiments. 

Let  us  first  examine  the  correlation  between  acidity  and  rate.  A  repetition  of 
the  earlier  food  and  histamine  experiments,  using  the  micro-titration  instead  of 
the  pH  technique,  yielded  the  same  kind  of  qualitati^-e  parallelism  of  aciditj^ 
and  rate  curves  as  before,  except  for  this:  When  we  compared  the  two  acidity 
values  corresponding  to  a  pair  of  identical  rate-values  at  the  beginning  and  end 
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of  these  curves,  we  t'ouiul  a  coiisidcral)!!'  (liscrcpaiicy.  l-'oi'  example,  in  an  illustra- 
tive experiment,  the  acidity  near  tlie  beginning  of  the  experiment  was  about  70 
me(i/L,  whereas  its  paired  vahie  at  the  end  was  about  135  meci/L — alniost  twicer 
as  hirge.  Even  this  graphic  method  of  analysis,  crude  as  it  may  be,  indicated 
that  all  was  not  well  witli  the  Rosemann  theory. 

Returning  to  Pavlov,  it  was  evident  that  if  the  hypothetical  primary  acidity 
is  constant,  and  tlie  \ariations  observed  in  pouch  juice  result  from  admixture 
of  mucus,  then  one  must  strive  to  eliminate  this  and  other  acid-neutralizing 
fluids  during  the  course  of  each  experiment.  This  called  for  the  following  changes 
in  experimental  design :  First,  the  dogs  must  have  been  dressed  with  special  care 
for  days  prioi'  to  the  experiment,  so  as  to  insure  the  absence  of  inflammatory 
exudate  and  blood.  Secondly,  the  collecting  catheter  must  be  as  narrow  and 
smooth  as  possible,  to  reduce  stimulation  of  mucus  by  rubbing.  Thirdly,  histamine 
must  be  used  at  tolerable  dosage,  in  order  to  get  a  vigorous  flow  of  juice  to  lubri- 
cate the  surface  between  catheter  and  mucosa,  and  so  reduce  mechanical  stimu- 
lation of  the  mucus  cells  still  further.  And  finally,  the  first  one  or  two  15-minute 
specimens  ought  to  be  discarded  because  of  contamination  of  mucus  normally 
accumulated  on  the  mucosal  surface.  With  these  special  precautions,  the  results 
entirely  justified  the  efforts.  With  a  histamine  dosage  around  0.15  mg  of  base/kg 
body  weight,  tlie  rate  curve  rose  to  a  maximum  in  the  third  or  fourth  ([uarter- 
hour,  usually,  and  then  fell  off  slowing  to  practically  zero  by  the  end  of  2.5 
hours.  The  acidity  curve,  on  the  contrary,  rose  to  a  high  maximum  value  in  the 
third  ([uarter-hour  and  remained  constant  for  seven  such  specimens — 1'^4  hours 
duration — while  the  rate  was  falling  off.  Here,  for  the  first  time  was  decisive 
evidence;  not  only  is  the  acidity  of  pure  gastric  secretion  basically  independent 
of  the  rate,  but  it  can  be  surprisingly  constant  when  precautions  are  taken  to 
minimize  its  content  of  mucus  and  other  non-acid  fluids.  Each  of  eight  such 
histamine  experiments  yielded  a  constancy  of  ±0.01  of  a  pH  unit,  and  for  all 
eight  the  level  was  0.91  i  0.02 — corresponding  to  a  titrimetric  free  acidity  around 
151  meq/L. 

Does  such  constancy  obtain  also  when  food  is  used  as  a  stimulus?  It  was 
never  possible  to  demonstrate  this  by  continuous  collection  experiments  like  those 
with  histamine,  because  the  rate  of  secretion  with  food  was  never  high  enough 
to  give  adequate  lubrication  to  the  surface  between  catheter  and  mucosa.  Also, 
the  motility  of  the  Pavlov  pouch  may  increase  following  a  meat  meal,  and  this 
would  augment  mucus  output  by  rubbing  of  mucosa  against  mucosa  as  well  as 
against  the  catheter.  To  meet  this  contingency,  Dr.  Cowgill  and  I  devised  a  new 
kind  of  collection  technique.  This  procedure  depended  upon  delivering  the  neck 
of  the  pouch  at  surgery  between  the  split  abdominal  muscles,  in  such  a  way 
as  to  develop  sphincteric  action  at  the  stoma.  When  such  a  dog  was  left  in  its 
cage  post-prandially,  the  secretion  was  retained  in  the  pouch  until  it  was  with- 
drawn by  gentle  a.spiration  through  a  fine  catheter,  or  until  the  pouch  pressure 
became  great  enough  to  force  the  sphincter  to  permit  escape  of  the  fluid  into 
the  dressing.  Thus,  post-prandial  secretion  could  be  collected  intermittently 
with  absence  of  the  catheter  during  the  period  of  accumulation.  It  seems  likely, 
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also,  that  distention  of  the  pouch  by  the  retained  fluid  prevented  the  rubbing  of 
mucosal  surfaces  against  each  other  and  thus  the  augmentation  of  mucus  secre- 
tion by  such  mechanical  stimulation. 

In  each  experiment  by  this  discontinuous  or  retained  juice  technique  the  first 
portion  of  retained  juice  was  discarded  in  order  to  wash  out  whate\'er  mucus 
had  accumulated  prior  to  feeding.  With  this  precaution,  the  pH  ^•alues  again 
reflected  the  constancy  shown  by  the  high-dosage  histamine  experiments,  even 
though  the  average  rate  of  secretion  of  the  latter  was  about  three  times  that  of 
the  food  experiments.  Hence,  it  is  evident  that  this  constant  aciditj'  phenomenon 
obtains  with  the  composite  vagal  and  humoral  stimulation  following  the  in- 
gestion of  food,  as  well  as  with  purely  humoral  stimulation  by  histamine. 

Further  support  for  this  point  was  made  possible  by  a  most  happy  accident 
in  the  Biological  Laboratory  at  Cold  Spring  Harbor  one  summer.  I^ive  weeks 
after  operation,  one  of  our  sphincter  pouch  dogs  presented  us  with  a  beautiful 
litter  of  pups.  And  then  came  our  surprises.  Instead  of  the  relatively  low  rates  of 
basal  and  post-prandial  .secretion  which  had  been  observed  during  la.st  weeks  of 
pregnancy,  the  dog  immediately  began  to  hypersecrete  at  a  terrific  rate,  inces- 
santty,  day  and  night.  This  phenomenon  has  since  been  reported  by  several 
other  in^•estigators,  but  its  causation  is  not  yet  clear.  The  hypersecretion  .started 
on  the  first  night  following  parturition  and  persisted  throughout  the  entire 
period  of  lactation,  but  not  beyond.  Thanks  to  the  sphincter,  we  were  able  to 
collect  a  large  number  of  .specimens  of  the  retained  juice,  very  few  of  which  con- 
tained any  significant  quantity  of  visible  mucus.  On  some  days,  the  24-hour 
collection  went  as  high  as  250  cc,  and  the  average  for  the  first  three  weeks  post- 
partum was  about  150  cc,  exclusive  of  the  juice  lost  hy  forced  evacuation  of  the 
pouch  at  night.  This  maximum  daily  volume  was  five  to  ten  times  that  recorded 
prior  to  parturition  and  after  cessation  of  lactation.  Sixty-sLx  post-prandial  hyper- 
.secretion  specimens  had  an  average  total  aciditj'  of  157  rh  7  meq  L,  with,  a 
negligible  combined  acidity.  The  mean  for  a  large  series  of  post-prandial  speci- 
mens, .similarly  collected  from  4  non-lactating  animals,  was  likewise  157  ±  3 
meq/L.  Thus,  we  have  here  a  third  kind  of  evidence  of  constancy,  observed 
under  conditions  of  unequivocal  hypersecretion. 

A  fourth  variety  of  .such  evidence  became  available  in  a  .study  with  Dr. 
Janowitz  on  the  inhibition  of  histamine-stimulated  .secretion  by  atropine.  This 
work  disclosed  that  gastric  secretion  evoked  by  the  subcutaneous  injection  of  2.5 
/xg  of  histamine  ba.se  every  ten  minutes,  can  be  prevented  completely  by  a  single 
injection  of  atropine  sulphate  at  a  dosage  of  0.4  mg  kg.  Although  the  rate  fell 
practically  to  zero,  the  acidity  in  some  of  the  experiments  remained  constant  for 
about  three  hours. 

Consequently,  regardless  of  the  mode  of  stimulation,  the  acid  level  can  be 
constant  for  considerable  periods  while  the  volume-rate  of  secretion  is  under- 
going drastic  A-ariations.  These  observations  constitute  incontrovertible  proof  of 
the  validity  of  the  Heidenhain-Pavlov  theory — to  the  detriment  of  Rosemann's 
x\Q\\  that  acidity  and  rate  correlate  well.  Significant  irregular  deviations  below 
this  con.stant  acidity  must  be  ascribed  to  variable  admixture  of  mucus  and  other 
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fluids.  As  for  the  i)arallelism  l)(>t\v(>cii  acidity  and  rate  which  imariahly  occurs 
in  thoso  oxporinionts  unless  special  precautions  are  taken  to  minimize  the  flow 
of  non-acid  fluids,  this  can  he  explained  hv  their  ha\inf>;  a  relatixely  constant 
rate  of  secretion  while  the  rate  for  the  parietal  fluid  is  varying. 

I'ormulation  of  a  (luantitative  hypothesis  at  this  stage  would  have  l)oen  much 
loo  j)remature,  because  I  lacked  insight  into  the  variations  in  concentration  of 
chloride,  cations,  and  other  solutes  of  mixed  gastric  juice.  Therefore,  1  next  set 
out  to  .study  the  behavior  of  the  chloride  concentration  in  relation  to  the  acidity. 
Using  the  continuous  collection  techni([ue,  numerous  experiments  were  per- 
formed with  either  histamine  or  food,  to  obtain  relatixcly  low  rates  of  flow. 
The  resulting  graphs  for  the  variations  in  total  chloride  and  total  acidity  with 
collection  time  .sometimes  appeared  to  be  parallel,  whereas  on  other  occasion.s 
the  chloride  \alues  \-aried  so  little  as  to  appear  to  be  practically  constant.  Is  the 
chloride  concentration  correlated  with  the  acidity — as  suggested  by  data  of  the 
first  variety — or  is  it  not?  A  re\'iew  of  the  literature  up  to  1932  again  revealed  a 
dualism  of  opinion,  with  just  as  little  decisive  evidence. 

Xow,  if  these  two  variables  are  really  correlated,  in  spite  of  very  small  ranges 
for  the  chloride  values,  this  would  be  manifested  by  plotting  them  directly 
against  each  other  with  exclusion  of  the  time  A  ariable.  Many  of  our  experiments 
.seemed  to  support  this  view,  but  the  absence  of  points  with  really  low  acidities 
left  some  doubt  in  one's  mind.  To  relieve  this  uncertainty,  I  pooled  the  data  for 
121  samples  from  many  such  continuous  collection  experiments,  regrouped  them 
according  to  successive  decades  of  acidity,  and  plotted  the  mean  total  chloride 
for  each  such  group  against  its  mean  acidity.  The  resulting  graph  left  no  doubt 
of  the  existence  of  a  linear  correlation  of  the  two  variables,  with  a  small  slope. 
Similar  data  from  a  group  of  post -prandial  samples  collected  by  the  retention 
technifiue,  and  a  set  of  data  reported  by  a  group  of  English  investigators  (Mac- 
Lean,  Griffiths,  and  Williams;  1928)  indicating  the  constancy  of  chloride  concen- 
tration, were  found  to  conform  to  the  same  kind  of  rectilinear  relations  when 
analyzed  in  this  way.  Several  years  later,  I  .subjected  these  and  several  other 
groups  of  such  data  to  statistical  analysis,  and  found  coefficients  of  linear  cor- 
relation so  high  as  to  afford  conclusi\'e  proof  that  the  total  chloride  concentration 
of  pure  gastric  juice  is  not  constant  but  is  positively  correlated  with  the  total 
acidity.  The  seeming  constancy  of  total  chloride  concentration,  argued  by  other 
investigators,  derives  only  from  the  small  slope  of  these  regression  lines — coupled, 
perhaps,  with  analytical  data  of  low  precision. 

What  about  the  cations?  Twenty-five  years  ago  flame  photometers  were  un- 
known, and  the  time  required  for  chemical  determinations  of  sodium  and  potas- 
sium was  .so  great  as  to  preclude  such  measurements  on  the  great  number  of 
specimens  required  for  statistical  purposes.  Consequently,  I  had  to  resort  to  the 
techniciue  employed  by  my  predecessors  in  this  field,  that  is,  to  use  neutral 
chloride  instead  of  the  .sum  of  the  individual  cation  concentrations,  and  to  meas- 
ure this  as  the  difference  between  total  chloride  and  free  acidity.  Employing 
these  procedures,  it  was  found  that  neutral  chloride  also  varies  linearly  and  in- 
versely with  total  acidity.  The  correlation  coefficients  were  of  a  ver}^  high  order, 
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the  regression  coefficients — that  is,  slopes — were  essentially  the  same  for  data 
from  different  sources,  and  the  lines  all  extended  down  fairly  close  to  the  acidity 
axis.  Furthermore,  extrapolation  of  these  lines  to  determine  their  intercepts 
with  the  acidity  axis,  yielded  values  in  the  range  157  to  176  meq/L  with  a 
weighted  arithmetical  mean  of  165  meq/L.  This  means  that  if  we  could  get  a 
specimen  of  gastric  secretion  of  this  high  acidity,  it  would  be  entirely  free  of 
neutral  chloride,  and  its  total  chloride  would  likewise  equal  165  meq/L.  By  the 
same  token,  it  may  be  inferred  that  acidities  greater  than  this  value  are  not 
attainable — at  least  under  normal  physiological  conditions. 

Our  next  concern  must  logically  be  with  the  variations  in  other  constituents  of 
pure  gastric  juice.  The  analytical  work  necessary  to  determine  these  factors  on 
the  large  number  of  specimens  requisite  for  statistical  study  was  beyond  my  scope 
at  that  time.  Hence,  to  compensate  for  the  biological  variations  in  each  compo- 
nent, I  used  pooled  specimens  of  pouch  juice,  collected  by  stimulation  with  food 
or  histamine,  of  various  dosages,  and  mixed  according  to  decades  of  total  acidity. 
Analyses  of  a  series  of  large  specimens  obtained  in  this  way  yielded  data  which 
likewise  showed  significant  trends  toward  a  limiting  value  around  165  meq/L. 
Free  acidity  and  total  chloride  approached  this  same  limiting  value  as  before, 
while  combined  acidity  and  neutral  chloride  both  grew  vanishingly  small.  The 
lowest  value  for  neutral  chloride  actually  observed  in  some  of  the  indi^'idual 
specimens  that  made  up  this  pool  had  values  as  low  as  3  meq/L.  Organic  and 
inorganic  phosphorus  could  not  be  detected  at  all,  and  several  color  tests  for 
protein  and  carbohydrate  were  negative  in  the  specimens  of  highest  acidity. 
Independent  evidence  regarding  protein  was  derived  from  data  published  by 
Dienst  in  1931,  from  which  I  was  able  to  establish  that  the  relation  between  the 
total  nitrogen  content  of  human  gastric  juice  and  the  acidity  is  similar  to  the 
rectilinear  correlation  for  neutral  chloride,  with  an  aciditj'  intercept  (correspond- 
ing to  zero  nitrogen)  of  163  meq/L.  Total  inorganic  and  organic  solids  likewise 
decreased  with  decreasing  acidity,  but  these  appeared  to  approach  values  slightly 
above  zero — probably  indicative  of  contamination  of  this  "pure"  gastric  secre- 
tion by  minute  amounts  of  epithelial  detritus.  The  specific  gravity  behaved 
consistently,  but  the  freezing  point  depression  was  greater  than  expectation  by 
about  0.02''C,  according  to  the  International  Critical  Tables.  The  meaning  of 
this  small  difference  remains  to  be  determined. 

From  all  these  findings,  it  was  inferred  with  a  high  degree  of  probability 
that  this  hypothetical  limiting  specimen  of  gastric  secretion  is  practically  pure 
HCl  at  a  concentration  about  165  meq/L,  that  it  corresponds  to  pure  parietal 
secretion,  and  that  the  other  constituents  of  mixed  gastric  juice  as  ordinarily 
collected  derive  from  mucus  and  other  non-acid  secretions.  Does  this  limiting 
concentration  have  any  special  ph3^siological  significance?  Clearly,  it  is  greater 
than  the  mean  total  ionic  concentration  of  human  blood  plasma,  which  is  given 
by  Homer  Smith  as  154  meq/L.  This  volume  concentration,  however,  corresponds 
to  a  thermodynamic  (weight)  concentration  of  167  meq/kg  water.  The  weight 
concentration  for  pure  165  meq/L  HCl  is  165  meq/kg  water.  It  is  evident,  there- 
fore, that  in  terms  of  this  latter,  thermodynamically  significant  unit,  the  hypo- 
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tlu'tical  paiiotal  secrotioii  ami  blood  serum  possess  identical  coiiceiit rations  and 
are  therefore  isosinotic  a  deduction  which  is  essentially  in  k(>epinj^  with  the 
freezing  point  depression  data  ah'catly  cited  as  well  as  inferences  and  observa- 
tions of  other  invest ig;ators.  In  sliort,  the  concentration  of  IK'l  in  pur(>  parietal 
secretion  seems  to  be  determined  solely  by  osmotic  forces. 

Now,  at  last,  I  had  enough  data  to  warrant  the  synthesis  of  a  working  hy- 
pothesis to  explain  the  \  ariable  composition  of  mixed  gastric  juice,  and  the  inter- 
relations among  its  several  ionic  constituents;  also  to  serve  as  a  basis  for  further 
researches  in  this  area.  Accordingly,  I  formulated  a  set  of  premises,  and  then 
proceeded  to  examine  certain  inferences  from  them  in  the.  light  of  the  facts 
already  established.  As  you  will  see,  this  hypothesis  wa.s  an  extension  of  Pavlov's 
very  primitive  theory,  going  far  beyond  Pavlov  in  that  it  was  designed  in  quanti- 
tative terms  and  embraced  the  variations  in  concentrations  of  all  the  major 
inorganic  ions  of  mixed  gastric  juice  collected  under  various  conditions  of  stimu- 
lation. 

The  premises  are  as  follows: 

1)  "Pure  gastric  secretion"  is  a  mixture  of  several  exocrine  secretions  formed 
in  the  mucous  membrane. 

2)  One  of  these,  derived  from  the  parietal  cell,  and  designated  the  acid- 
component,  is  essentially  a  solution  of  pure  HCl  at  a  relatively  invariant  com- 
po.sition. 

3)  Under  normal  osmotic  and  acid-base  conditions,  the  concentration  of  HCl 
in  the  acid  component  is  IGo  ±  10  mecj  L;  this  value  is  independent  of  the 
mode  of  stimulation,  and  of  the  secretory  rate,  but  is  precisely  dependent  on  the 
osmotic  activity  of  the  mucosal  interstitial  fluid.  Hence,  this  concentration  is  a 
physiological  par:uneter  in  the  sense  that  body  temperature  and  pulse  rate  are 
.such  parameters. 

4)  The  parietal  .secretion  is  formed  by  a  "steady  state"  process.  Such  a 
mechanism  .stands  in  direct  contrast  to  one  in  which  solvent  and  solutes  move 
out  of  one  or  more  varieties  of  cell  independently  of  each  other,  after  which 
movements  the  secreted  solution  undergoes  changes  in  chemical  composition 
until  it  reaches  a  ".state  of  ecjuilibrium". 

o)  The  other  exocrine  secretions  composing  mixed  gastric  juice  are  mucus, 
the  hypothetical  mucoid  secretion,  and  pepsin;  descjuamated  epithelial  cells 
and  a  transudate  of  interstitial  fluid  may  also  be  pre.sent  as  contaminants.  For 
convenience,  these  exocrine  secretions  are  treated  as  a  unit,  designated  the 
"alkaline  component" — to  differentiate  it  from  the  "acid  component." 

())  The  chemical  composition  of  the  alkaline  component  is  highly  variable, 
being  dependent  on  the  proportions  of  its  con.stituent  secretions.  At  this  stage 
of  formulation,  the  mixture  is  presumed  to  be  a  dispersion  of  mucin  and  other 
organic  .substances  in  a  menstruum  with  an  inorganic  composition  similar  to 
that  of  extracellular  fluid;  that  is,  its  pH  is  above  7.0  and  it  contains  the  usual 
buffer  anions — bicarbonate,  primary  and  secondary  phosphate,  and  proteinate — 
as  well  as  chloride  and  all  the  common  cations.  The  concentration  of  total 
anions  and  total  cations  is  about  Kio  mecj  kg  water. 
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7)  As  a  corollaiy  to  these  premises,  the  composition  of  mixed  gastric  juice  is 
the  resuhant  of  dilution  and  neutrahzation  which  occur  on  admixture  of  the 
acid  and  alkahne  components,  and  all  concentration  values  must  fall  between 
limits  set  by  these  two  extremes. 

8)  This  hypothesis  is  only  a  first  approximation  and  is  designed  for  modifica- 
tion and  further  amplification  as  new  facts  are  brought  to  light,  especially  such 
as  concern  the  chemistry  of  the  mucus  and  mucoid  secretions  in  the  alkaline 
component. 

A  comparison  of  the  observed  facts  with  this  hypothesis  and  its  logical  con.se- 
quences,  reveals  a  great  deal  of  agreement  between  them.  For  the  upper  limit  of 
the  acidity  range,  I  have  already  described  specimens  in  which  free  and  total 
acidities,  and  total  chlorides  differ  from  165  meq/'L  by  no  more  than  10  units; 
also  combined  acidity  and  phosphate  are  zero,  and  neutral  chloride  differs  from 
zero  by  no  more  than  3  to  5  meq/L.  The  e.s.sential  constancy  of  these  limiting 
values,  regardle.ss  of  mode  of  stimulation  and  rate  of  secretion,  constitute  points 
of  complete  agreement  between  hypothesis  and  observation. 

Concerning  the  lower  limit  of  the  acidity  range,  I  have  some  data  to  be  pub- 
lished .shortly,  on  the  inorganic  constituents  of  several  different  mucous  .secretions 
which  are  .suitable  for  this  test  of  agreement.  The  chemical  anatomy  of  viscous 
mucus,  obtained  by  topical  .stimulation  of  the  mucosa  with  acetylcholine,  closely 
conforms  with  expectation  statistically.  The  mucinous  fluid  evoked  by  topical 
application  of  the  enzyme  inhibitor,  X-ethyl  maleimide,  possesses  a  .similar  but 
not  identical  chemical  anatomy,  as  does  the  highl}^  viscous  opacjue  mucus  stimu- 
lated by  eugenol  and  other  irritants.  All  these  quantitati\'e  descriptions  show 
wide  ranges  of  variation  in  the  indi\'idual  concentrations,  generalh'  ascribable 
to  contamination  by  descjuamated  mucus  cells  and  transudate.  The  ph^^siological 
character  of  the  maleimide  fluid  has  not  yet  been  defined,  but  data  on  its  content 
of  hexcsamine,  other  reducing  sugars,  and  protein  leave  no  doubt  that  it  also 
contains  glyco-protein  in  significant  ({uantities.  Of  cour.se,  all  the.se  mucinous 
secretions  have  pH's  w  hich  never  are  below  7.0  unless  they  are  contaminated  by 
some  parietal  secretion. 

According  to  the  hypothesis,  the  lowe.st  titrimetric  acidity  attainable  in  gastric 
juice  is  not  zero,  but  a  negati^•e  number,  corresponding  to  the  buffer  values  of  the 
alkaline  component.  Clinical  gastroenterologi.sts  call  this  negative  acidity  "acid 
deficit."  Since  the  alkaline  component  is  tentatively  postulated  to  have  a  com- 
position resembling  that  of  blood  plasma  or  interstitial  fluid,  we  may  expect  a 
buffer  value  of  the  same  order  of  magnitude  as  the  concentration  of  the  com- 
bined buffer  anions  in  the  extracellular  fluids.  The  latter  is  about  40  or  45  mecj/L, 
whereas  the  ob.served  buffer  values  here  are  12-48  mefj  L.  The  ranges  for  the 
other  constituents  oi  nmcus  also  agree  gro.s.sly  with  the  corresponding  data  for 
extracellular  fluid,  whereas  for  the  total  anion  and  cation  concentrations,  the 
agreement  between  theory  and  observation  is  most  satisfactory. 

So  much  for  the  upper  and  lower  limits  of  the.se  concentration  variables; 
What  about  the  variations  between  these  limits?  When  the  acid  and  alkaline 
components  are  mixed  in  any  particular  proportion,  their  constituent  concentra- 
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tions  obviously  change  as  a  result  of  dilution  and — in  the  case  of  acidity- 
neutralization.  Time  does  not  permit  of  a  detailed  description  of  the  chemical 
anatomies  corresponding  to  mixtures  with  different  ratios  of  the  acid  and  alkaline 
components,  but  I  must  call  attention  to  a  decrease,  with  decreasing  acidities,  of 
total  anion  and  cation  concentrations  resulting  from  the  loss  of  carbonic  acid 
formed  by  interaction  of  HCl  and  sodium  bicarbonate.  However,  on  the  basis  of 
the  hypothesis,  it  was  possible  to  develop  a  pair  of  algebraic  ecjuations  to  define 
be  varying  concentrations  of  total  and  neutral  chlorides  as  functions  of  total 
acidity.  These  theoretical  eciuations  both  proved  to  be  rectilinear,  and  a  compari- 
son of  their  parameters  with  those  of  the  straight  line  graphs  observed  em- 
pirically revealed  their  corresponding  intercepts  and  slopes  to  be  in  essential 
agreement.  It  follows,  therefore,  that  the  total  and  neutral  chlorides  of  any  speci- 
men of  gastric  juice  of  specified  acidity  may  be  expected  to  conform  within 
statistical  limits  to  the  values  inferred  from  our  hypothesis — at  least  within  the 
acidity  range  of  the  early  experiments.  This  range  must  be  extended  to  include 
very  low  acidities  and  I  hope  to  be  able  to  accomplish  this  in  the  near  future.* 
The  mathematical  analysis  of  this  prol)lem  can  be  found  in  a  paper  in  the  Journal 
of  Biological  Chemistry  of  August,  1932. 

Throughout  the  foregoing,  I  have  discussed  the  metallic  cations  in  gastric 
juice  only  in  terms  of  neutral  chloride.  Although  I  think  I  have  never  specified 
this,  I  confess  that  I  always  thought  of  sodium  and  potassium  as  being  present 
in  the  same  proportion  as  in  blood  plasma.  Subseciuent  studies,  however,  have 
shown  this  to  be  wrong. 

In  a  systematic  investigation  of  these  ions,  in  canine  gastric  secretion,  published 
in  1941,  Gray  and  Bucher  reported  that  the  total  and  neutral  chloride  concentra- 
tions varied  with  the  acidity  in  accordance  with  the  pattern  which  I  had  de- 
scribed. Sodium,  measured  as  such,  behaved  like  the  neutral  chloride,  but  potas- 
sium remained  .statistically  constant  at  7. -4  mecj/L,  regardless  of  variations  in 
acidity,  rate  of  secretion,  or  sodium  value.  In  consequence,  these  investigators 
were  led  to  state  that  (a)  pure  parietal  secretion  contains  no  Na,  in  agreement 
with  my  hypothesis,  but  it  does  contain  potassium  at  this  fixed  concentration; 
and  (b)  the  concentration  of  potassium  in  the  alkaline  component  is  likewise 
constant  about  7.4  mecj/L.  Subsequent  reports  by  Fisher  and  Hunt,  Linde  and 
Obrink,  by  Martin,  and  by  Gudiksen,  all  seemed  to  support  this  conclusion  of 
Gray  and  Bucher. 

However,  the  literature  contains  many  references  to  indicate  that  the  potas- 
sium concentration  of  gastric  juice  can  vary  considerably,  both  above  and  below 
the  level  of  7.4  meq/  L.  For  dogs,  published  data  range  as  high  as  24  meq/L, 
and  for  man,  with  or  without  gastrointestinal  disorders,  as  high  as  65.  In  spite  of 
these  high  valued  observations,  the  evidence  of  Gray  and  Bucher  was  so  contrary 
to  my  own  hypothesis,  that  I  had  to  face  the  issue.  Now,  careful  scrutiny  of  Gray 

*  Since  writing  this  paragraph,  I  have  received  a  reprint  from  Dr.  A.  Lambling  (Paris) 
of  a  series  of  papers  in  which  he  and  several  associates  confirmed  this  rectilinear  relation 
between  total  chloride  and  acidity  in  man  over  the  entire  acidity  range,  from  les.s  than 
zero  (acid  deficits)  to  over  140  meq/L. 
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and  Bucher's  experiments  with  histamine-stimulated  juice  from  stomach  pouch 
dogs  revealed  two  defects  in  their  design — defects  of  such  a  nature  that  even  if 
significant  \-ariations  in  potassium  concentration  had  occurred,  they  would  not 
have  been  detected.  These  faults  arose  out  of  their  discarding  all  specimens  collect- 
ed during  the  first  hour  of  the  experiment,  and  their  use  of  large  pools  of  the  sub- 
sequent ones.  Accordingly,  Drs.  Colcher  and  Janowitz  and  I  performed  a  series 
of  experiments  with  canine  Heidenhain  pouches  and  a  single  injection  of  histamine 
as  stimulus,  in  which  we  collected  as  many  individual  samples  as  possible  in  the 
course  of  any  one  experiment,  keeping  the  volumes  just  large  enough  to  permit 
measurement  of  all  the  factors  with  which  we  were  concerned.  To  my  delight,  the 
potassium  concentration  curve  (determined  by  flame  photometry)  began  to  rise 
immediately  after  the  injection,  attained  a  peak  value  within 45  minutes,  and  then 
fell  off  gradually  to  a  level  which  it  maintained  until  the  experiment  was  terminat- 
ed. The  peak  of  this  pota.ssium  curve  usually  appeared  just  in  advance  of  the  peak 
of  the  acidity  curve,  and  in  general,  there  was  no  correlation  between  these  two 
variaVjles.  The  curves  for  sodium,  on  the  contrary,  varied  inversely  with  the  acidity, 
and  had  the  same  form  as  all  the  neutral  chloi'ide  curves  and  the  sodium-acidity 
cur\-es  of  Gray  and  Bucher.  A  similar  study  on  man  has  been  started  by  Dr. 
Werther  in  our  laboratory,  and  a  limited  series  of  experiments  already  completed 
appear  to  be  in  agreement  with  these  dog  experiments.  The  overall  range  of  potas- 
sium concentration  in  all  our  dog  experiments  was  0.4-12.8  meq/L,  which  clearly 
refutes  the  conclusion  of  Gray  and  Bucher,  and  others,  about  its  constancy 
in  mixed  juice  and  therefore  in  the  parietal  and  alkaline  components.  Likewise, 
the  characteristic  pattern  of  the  curve  for  potassium  concentration  against  time; 
the  lack  of  correlation  of  potassium  with  acidit\%  sodium,  and  volume-rate  of 
secretion;  and  the  fact  that  we  sometimes  observed  terminal  potassium  values 
of  1  meq/L  and  less — all  these  clearly  controvert  the  argument  of  Gray  and 
Bucher,  and  still  allow  for  the  possibilit}^  that  the  output  of  potassium  is  not 
linked  to  that  of  the  hydrogen  ion  but  comes  about  through  .some  other  mecha- 
nism. 

If  this  be  so,  where  does  this  potassium  come  from?  Studies  on  the  content  of 
this  element  in  the  several  kinds  of  mucinous  secretions  excluded  these  as  pos- 
sible sources.  The  intracellular  contents  of  desquamated  mucus  epithelium  also 
suggested  itself,  but  this  was  ruled  out  by  the  potassium  content  of  eugenol 
mucus  which  contains  such  cells.  A  third  possibility  is  that  this  element  derives 
from  cell  leakage,  following  the  act  of  stimulation  with  histamine,  and  the  evi- 
dence in  support  of  this  explanation  is  already  considerable. 

Whatever  the  meaning  of  these  potassium  curves  may  be,  it  is  evident  that 
they  will  necessitate  some  modification  in  the  original  hypothesis.  Also,  the 
next  step  in  expansion  of  the  concept  of  pure  gastric  secretion  as  a  mixture  of 
several  well-defined  exocrine  secretions  must  take  cognizance  of  the  muco- 
polysaccharides and  proteins  contained  in  the  non-acid  secretions,  as  well  as  the 
inorganic  .salts.  Above  all,  however,  the  mathematical  formulation  of  a  second 
approximation  hypothesis  ought  to  include  measures  of  the  random  variations 
in  all  the  concentration  values  for  primary  exocrine  secretions,  whether  the  cause 
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of  variation  ho  physiological  or  analytical.  Our  work  on  the  glycoprotoin-con- 
taining  secretions  is  now  at  a  stage  where  such  an  extension  of  the  original 
hypothesis  is  possible. 

^'  Before  closing,  I  wish  to  mention  my  analogous,  though  primitive,  working 
hypothesis  to  explain  the  variable  components  of  pancreatic  secretion.  The 
direction  which  this  is  taking  is  indicated  by  the  following  observations,  reported 
by  Dr.  Earl  Thomas  and  his  associates,  and  confirmed  and  extended  by  the  work 
of  Dr.  Birnbaum  and  of  Dr.  Tankel  in  our  laboratory.  Superficially,  pancreatic 
secretion  resembles  gastric  secretion  in  that  the  concentration  of  bicarbonate 
increa.ses  with  increasing  rate  of  secretion,  and  approaches  a  plateau  in  the 
neighborhood  of  IGO  mecj  L.  The  concentration  of  chloride  varies  inversely  with 
the  bicarbonate  concentration,  and  the  sum  of  the  two  is  nearly  constant,  inde- 
pendently of  the  secretory  rate.  We  have  already  obtained  a  few  chloride  values 
as  low  as  9  or  10  mecj/L,  in  .specimens  with  very  high  l)icarl)()nate  values,  and  I 
suspect  it  may  be  possible  to  obtain  specimens  with  wholly  negligible  chloride 
concentrations  by  suitable  impro\'ement  in  experimental  design.  These  facts 
present  the  possibility  that  pure  pancreatic  secretion  is  a  mixture  of  at  least 
three  distinct  exocrine  secretions,  and  that  the  formation  of  the  bicarbonate- 
containing  secretion  may  also  constitute  a  steady-rate  phenomenon,  but  as  yet 
this  is  far  from  a  certainty. 

^  And  now  to  conclude;  it  has  been  my  intention  to  explore  the  concept  of 
exocrine  electrolyte  .secretion — more  particularly,  to  determine  whether  we  may 
expect  different  electrolyte-containing  secretions  to  resemble  each  other  in  regard 
to  their  intracellular  mechanisms  of  formation.  The  evidence  indicates  the  danger 
of  any  .such  presumption.  E\-en  if  secretion  of  pancreatic  bicarbonate  resembles 
that  of  gastric  HCl  in  being  a  steady  state  process  in  which  osmotic  forces  play 
a  major  role,  none  of  the  others  share  this  characteristic.  The  mucinous  secretions 
may  prove  to  have  a  uniform  chemical  anatomy  related  to  interstitial  fluid  and 
isosmotic  with  it,  but  I  doubt  whether  the  electrolj'te  patterns  of  saliva,  sweat,  or 
urine  will  ever  be  found  to  fit  into  such  a  pattern.* 

As  for  gastric  secretion,  there  can  be  little  doubt  that  this  is  a  mixture  of 
three  or  more  independentlj^  formed  exocrine  secretions,  and  not  a  physiological 
unit;  nor  that  the  gastric  mucous  membrane  is  a  mosaic  of  different  kinds  of 
cells  which  cannot  be  treated  as  a  single  entity  for  physiological  purpo.ses.  Hence, 
any  hypothesis  concerning  the  cellular  formation  of  one  of  these  exocrine  .secre- 
tions must  be  formulated  in  reference  to  a  specific  cell,  rather  than  the  morpho- 
logical conglomerate  designated  ga.stric  mucosa.  Likewise,  any  experiment  de- 
signed for  quantitative  study  of  the  energetics — chemical  or  electrical — of  .such 
a  secretory  process  in  terms  of  changes  in  ion  concentrations  in  the  mixed  gastric 
juice  and  concentration  gradients  acro.ss  the  mucous  membrane,  is  likely  to  prove 
abortive — becau.se  each  such  ion  derives  from  two  or  more  fluids  which  are 
secreted  or  transuded  independently  of  each  other.  As  a  result  of  the  dilution  and 

*  Since  writing  this  paper,  evidence  regarding  the  essential  differences  between  renal 
and  gastric  acid  secretion  has  been  pre.sented  in  a  paper  by  Janowitz,  Ureiling,  Rolbin,  and 
myself,  in  Gastroenterology. 
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neutralization  attending  such  admixture,  the  ion  concentrations  of  the  primary 
secretions  are  changed  significantly,  according  to  their  relative  volumes  in  the 
mixture.  Such  an  experiment  can  be  valid  only  if  the  "mixed"  gastric  secretion 
being  poured  out  at  the  mucosal  surface  is  more-or-less  pure  parietal  secretion, 
or  mucus,  or  other  component.  This  calls  for  devices  for  the  complete  inhibition 
or  absence  of  stimulation  of  each  of  these  exocrine  secretions  .separatelj^,  at  the 
same  time  that  a  single  one  of  them  is  .stimulated  to  .secretory  activity.  Two 
such  devices  are  already  in  use  in  our  laboratory,  and  they  are  proving  of  great 
value  in  this  connection. 

I  wish  to  expre.ss  my  obligations  to  my  animal  caretakers  and  my  variou.s  technicians, 
as  well  as  to  my  several  associate.s  whose  name.s  I  have  already  mentioned.  Without  the 
faithful  service  and  close  cooperation  of  all  these  members  of  my  laboratory  family,  much 
of  the  work  I  have  described  this  evening  would  not  have  been  possible. 
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This  is  a  report  of  the  experiences  of  the  Surgical  Research  Laboratory  of  The 
Mount  Sinai  Hospital  in  the  use  of  extracorporeal  circulation.  As  the  field  of 
intracardiac  .surgery  develop.s,  new  techniques  and  procedures  utilizing  the  pump 
oxj'genator  as  a  tool  w  ill  be  tried  in  the  experimental  laboratory.  Before  any  new 
procedure  is  performed  on  a  human,  one  is  first  obliged  to  succeed  with  the 
laboratory  animal.  The  factors  that  determine  whether  an  animal  will  survive  the 
cardiopulmonary  bypass  are  multiple,  and  this  itself  makes  evaluation  of  a  new 
open  heart  technique  extremely  difficult.  This  paper  is  an  attempt  to  point  out 
and  discuss  some  of  the  problems  in  the  development  and  use  of  the  pump 
oxj^genator. 

HISTORY 

The  development  of  reliable  machines  and  methods  to  permit  safe  intracardiac 
surgery  to  be  carried  out  has  been  the  subject  of  intensive  research  for  the 
past  twenty  years.  One  of  the  pioneers  has  been  Gibbon  who  first  repaired  a 
congenital  defect  with  total  cardiopulmonary  bypass  in  1953.  The  Gibbon  type 
apparatus  oxygenates  blood  by  filming  it  on  screens  in  an  atmosphere  of  oxygen 
(1).  Other  methods  of  filming  blood  have  been  on  rotating  discs  and  drums  (2). 
The  membrane  type  of  oxygenator  allows  exchange  of  gases  through  a  .semi- 
permeable membrane  (3). 

A  most  .significant  ad\'ance  was  made  by  the  University  of  Minnesota  group 
in  the  clinical  u.se  of  the  bubble  oxygenator  (4).  In  their  hands  this  method  of 
oxj'-genation  has  yielded  excellent  results.  The  large  number  of  successful  cases 
now  being  reported  with  various  pump  oxygenators  indicates  that  there  is  some 
merit  in  all  of  them  and  that  the  final  answer  as  to  which  method,  if  any,  is 
best  is  not  now  apparent. 

Certainly  as  one's  experience  increases  with  a  particular  type  of  pump  oxy- 
genator, the  results  improve.  The  perfection  of  techniques  and  the  learning  of 
many  details  requires  a  .substantial  period  of  intensive  work  in  the  laboratory. 

From  the  Department  of  Surgery,  The  Mount  Sinai  Hcspital,  New  York,  X  Y.  This 
work  has  been  supported  by  a  grant  from  the  National  Heart  Institute,  U.  S.  Public  Health 
Service  (HTS  5206). 
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Most  important  for  success  is  the  development  of  a  team  accustomed  to  working 
together. 

Because  of  its  simplicity  and  inexpensiveness,  we  have  utilized  the  bubble 
oxygenator  of  DeWall-Lillehei  for  our  initial  work  (5).  In  our  hands  it  is  now  a 
useful  laboratory  tool  and  a  successful  system  for  total  cardiopulmonary  bypass 
in  the  human.  Early  in  our  experience  the  mortality  rate  in  animals  was  high,  but 
now  one  can  almost  always  expect  a  survivor  following  a  simple  perfusion 
through  a  right  thoracotomy. 

TECHXIQUES 

The  bubble  oxygenator  con.sists  of  a  venous  reservoir  into  which  caval  blood 
is  drained  by  gravity,  a  mixing  tube  in  which  the  venous  blood  comes  into  contact 
with  bubbles  of  oxygen,  a  debubbling  chamber  which  is  lightly  coated  with  anti- 
foam  to  disperse  bubbles  and  a  helix  which  functions  as  a  reservoir  for  arterial- 
ized  blood.  As  blood  flows  down  the  helix  it  laminates,  thus  allowing  am^  small 
bubbles  present  to  rise  to  the  top  and  be  removed  (5).  All  tubing  is  made  of 
polyvinyl  plastic  which  can  be  autoclaved.  Blood  is  propelled  through  the  system 
by  a  Sigmamotor  pump.  The  pump's  metal  fingers  propel  the  blood  along  through 
rubber  latex  tubing.  All  connections  between  the  tubing  are  made  of  stainless 
steel,  which  is  tapered  and  highly  polished  to  avoid  turbulence,  hemolysis  and 
formation  of  fibrin  emboli  (6).  A  double-barreled  me.sh  filter  (Abbott)  is  inserted 
in  the  arterial  line  just  after  the  blood  leaves  the  helix. 

Rigid  attention  to  details  from  start  to  fini.sh  is  of  utmost  importance  in  any 
perfusion  experiment.  The  polyvinyl  tubing  making  up  the  components  of  this 
system  must  be  carefully  wa.shed  and  packed  for  autoclaving.  The  helix  is  marked 
off  in  gradations  of  one-hundred  cubic  centimeters  for  purposes  of  blood  balanc- 
ing. Polyvinyl  becomes  quite  flexible  upon  warming  and  must,  therefore,  be 
packed  in  gentle  loops.  This  avoids  kinking  and  distortion  of  tubing  which  results 
in  increased  turbulence  of  blood  flow.  The  output  of  an  occlusive  pump  of  this 
type  depends  on  the  .size  and  phj^sical  characteri.stics  of  the  rubber  latex  tubing 
which  pa.sses  through  it.  We  have  learned  that  it  is  unwise  to  reuse  this  rubber 
tubing  since  autoclaving  alters  the  elasticitj''  and,  therefore,  may  markedly 
diminish  the  output  of  the  pump. 

On  the  morning  of  the  run  the  pump  oxygenator  is  set  up  under  sterile  con- 
ditions. Where  there  are  high  pressures,  connections  are  either  wired  or  secured 
with  hose  clamps.  At  this  time  a  careful  inspection  of  all  tubing  is  made  for  the 
presence  of  defects.  An  occlusive  pump  has  a  negative  phase  in  which  air  can  be 
sucked  in  and  transmitted  to  the  patient  on  the  arterial  .side.  One  animal  was 
lost  from  just  such  a  defect — a  small  amount  of  air  was  aspirated  in  without  any 
visible  blood  leakage. 

Sterile  five  per  cent  dextrose  in  water  Ls  then  added  to  the  helix  for  debubbling 
and  calibrating.  The  dextrose  and  water  is  first  warmed  to  eliminate  any  excess 
air.  Calibration  is  for  a  flow  rate  of  40-50  cubic  centimeters  per  kilogram.  As 
knowledge  has  been  gained  higher  flow  rates  have  been  .safely  used.  We  now 
realize  that  there  can  be  no  predetermined  flow  rate.  At  the  beginning  of  per- 
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fusion,  the  flow  rate  imist  be  adjusted  to  gi\'e  an  ade(iuate  arterial  pressure  and 
a  satisfactory  EECr.  (In  some  humans  the  perfusion  rate  was  over  5000  cc  [x^r 
minute.)  For  priming  the  pump,  fresh  blood  was  collected  into  siliconized 
heparinized  bottles  from  a  donor  dog  under  procaine  and  anectine  anesthesia.  As 
has  been  pointed  out,  barbitvu'ates  are  to  be  avoided  since  they  are  tran.sferred 
to  the  recipient  dog,  with  resultant  failure  of  the  animal  to  w'ake  up  following 
perfusion.  Blood  is  kept  at  thirty-se\'en  degrees  initil  the  pump  is  ready  to  be 
primed.  As  this  blood  stands,  there  is  a  gradual  drop  in  the  pH  (7). 

When  preparation  of  the  pump  is  complete  and  the  operative  procedure  is 
sufficiently  far  along,  the  priming  volume  of  blood  is  slowly  added  to  the  helix, 
which  is  immersed  in  a  constant  temperature  w^ater  bath  at  41—42  degrees 
centrigrade.  If  possible  the  priming  volume  of  blood  is  made  equal  to  one-and-a- 
half  to  two  minute's  flow.  Thus  the  helix  has  a  high  starting  volume  and  an 
attempt  is  made  to  maintain  this  level  in  the  helix  during  the  perfusion.  We 
believe  the  maintenance  of  a  high  level  in  the  helix  to  be  extremely  important 
for  survival  following  perfusion.  The  longer  the  period  of  time  allowed  for  lamina- 
tion of  blood,  the  le.ss  the  possibility  of  embolic  phenomena.  With  high  levels 
no  secondary  reservoir  beyond  the  helix  is  necessary. 

Anesthesia  is  induced  and  maintained  with  very  small  doses  of  pentothal 
and  an  attempt  is  made  to  keep  the  animals  extremely  light.  Xo  further  anes- 
thesia is  given  once  the  perfusion  begins.  It  has  been  noticed  on  several  occasions 
that  even  minimal  doses  of  pentothal,  ineffective  before  perfusion,  will  cause  pro- 
found depression  following  perfusion. 

The  usual  incision  for  simple  cardiopulmonary  bypa.ss  was  a  right  thoracotomy 
through  the  fifth  interspace.  Attempts  to  routinely  use  a  transsternal  approach 
will  result  in  an  extremely  high  mortality  rate.  This  incision  gives  poor  chest 
stability  in  the  dog.  Before  perfusion  begins  all  blood  losses  are  replaced  with 
citrated  blood  so  that  the  animal  is  placed  on  the  pump  with  a  normal  blood 
volume. 

Just  prior  to  insertion  of  the  catheters  the  animal  receives  1.5  milligrams  of 
heparin  per  kilogram.  After  ligation  of  the  azygos  vein  the  caval  catheters  are 
inserted  rapidh'  through  the  right  atrial  appendage.  Insertion  of  the  catheters  is 
facilitated  by  the  u.se  of  a  metal  stylet  the  length  of  the  catheter.  In  an  occasional 
animal  a  large  azygos  vein  has  been  ligated  with  a  resultant  fall  in  arterial 
pressure  and  rise  in  venous  pre.ssure.  Upon  removal  of  this  ligature  the  pressure 
returns  to  normal.  The  position  of  the  superior  catheter  is  then  adjusted  to 
include  drainage  from  the  azygos  vein.  Delivery  of  oxygenated  blood  is  through 
a  catheter  threaded  through  the  femoral  artery  into  the  abdominal  aorta.  The 
largest  possible  catheter  is  used  to  avoid  turbulence.  Use  of  the  femoral  artery 
is  convenient,  means  one  less  tube  coming  out  of  the  chest  and  in  addition  it  has 
the  po.ssible  advantage  that  any  small  emboli  which  might  be  pre,sent  would  tend 
to  pass  into  the  abdominal  vi.scera  rather  than  to  the  brain.  Arterial  and  venous 
pressures  were  constantly  monitored  via  strain  gauges.  The  usual  run  is  thirty 
minutes.  Oxygen  enters  the  mixing  tube  at  a  rate  of  four  to  five  times  the  blood 
flow. 
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If  cardiac  arrest  was  desired  either  potassium  citrate  or  acetyl  choline  was 
used.  The  difficulty  in  restarting  the  dog  heart  arrested  with  potassium  citrate 
has  therefore  led  to  the  exclusive  use  of  acetyl  choline  for  cardioplegia  in  the 
laboratory.  After  bypass  the  blood  volumes  are  balanced.  All  losses  due  to  suction 
are  measured  and  the  final  level  in  the  helix  is  noted.  If  a  large  transfusion  is 
needed  it  is  given  through  the  pump.  Smaller  amounts  are  replaced  with  citrated 
blood. 

Following  the  run  protamine  equal  to  twice  the  amount  of  heparin  is  given  in 
a  slow  intravenous  drip.  This  not  only  avoids  the  hypotension  a.ssociated  with 
rapid  injection  of  protamine,  but  also  apparently  the  rebound  effect  of  heparin. 

Postoperatively  chest  tubes  are  left  in  place  and  the  night  of  .surgery  the.se 
animals  are  checked  at  frequent  intervals  until  all  air  and  blood  is  evacuated. 
Each  animal  received  combiotic  for  five  days. 

RESULTS  AXD  COMPLICATION'S 

Over  one-hundred  and  twenty  animals  have  had  simple  perfusion  through  the 
right  chest  for  various  lengths  of  time  (average  thirty  minutes)  with  gradually 
decreasing  mortality.  In  the  most  recent  experiments  there  have  been  no  deaths 
due  to  perfusion. 

Five  animals  were  lost  due  to  a  peculiar  type  of  "atelectasis"  which  occurred 
on  the  unoperated  .side  following  perfu.sion.  Grossly  the  lung  appeared  beefy  red. 
There  was  no  bronchial  tree  obstruction.  Microscopic  examination  of  these  areas 
has  revealed  the  alveolar  spaces  to  be  filled  with  fresh  red  blood  cells.  During 
total  bypass  the  lung  receives  its  blood  supply  only  from  the  bronchial  arteries 
and  the  recirculation  of  coronary  sinus  blood.  State  has  shown  that  the  bronchial 
blood  flow  is  markedly  decreased  by  collapse  of  the  lungs  (8).  If  the  lungs  do  not 
remain  well  expanded  during  all  phases  of  the  pei-fu.sion,  it  is  entirely  po.ssible 
that  the  alveolae  and  capillaries  of  the  lung  parenchyma  will  become  anoxic. 
When  the  animal  is  then  abruptly  removed  from  the  bypass  there  is  sudden 
restoration  of  a  large  blood  flow  through  the  lung.  Under  these  circumstances 
diapedesis  of  red  blood  cells  through  anoxic  alveolar  and  capillary  Avails  might 
easily  occur.  These  lungs  are  not  like  the  usual  atelectatic  lungs.  They  cannot  be 
re-expanded  by  cleaning  out  the  tracheobronchial  tree  or  blowing  up  the  lungs. 
The  changes  are  irreversible.  Since  cognizance  was  taken  of  this  situation  every 
effort  has  been  made  to  keep  the  lungs  completely  expanded  during  the  per- 
fusion and  therby  preserve  bronchial  blood  flow.  With  this  method  this  complica- 
tion has  never  occurred.  Further  studies  are  under  way  to  substantiate  these 
observations. 

Two  animals  died  in  acute  pulmonary  edema  which  resulted  from  over  trans- 
fusion. To  overcome  the  problem  of  blood  balance  animals  are  carefuUy  weighed 
before  and  after  perfusion,  sponges  are  weighed  and  blood  which  is  suctioned  is 
collected  into  calibrated  graduates  and  replaced  cubic  centimeter  for  cubic 
centimeter. 

Generalized  bleeding  into  the  chest  was  the  cause  of  death  in  only  one  animal. 
However,  oozing  into  the  wound  and  chest  has  at  times  been  troublesome.  This 
difficulty  can  largely  be  avoided  by  meticulous  hemostasis  and  an  adequate  dose 
of  protamine.  Twice  the  number  of  milligrams  of  protamine  as  of  heparin  is 
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diluted  iiifi\'eper  cent  dextrose  in  water  and  given  t^lowly.  Any  attempt  at  rapid 
direct  injection  of  protamine  will  result  in  a  marked  drop  in  blood  pressure. 

LABOKATORY  STUDIES 

As  others  ha\  e  pointed  out,  there  is  a  definite  metabolic  acidosis  following 
cardiopulmonary  bypass  (9).  The  acidosis  is  less  severe  with  higher  perfusion 
rates  (10).  There  is  usually  a  slight  fall  in  potassium  and  \ariable  change  in 
sodium  (7).  Hemolysis  has  been  between  forty  and  fifty  milligrams  per  cent  in 
the  dog. 

COXCLUSIOXS 

1.  Before  any  pump  oxygenator  is  used  in  the  operating  room  success  must  be 
achieved  in  the  laboratory.  The  most  important  factor  in  determining  success 
is  the  development  of  a  team  intimately  familiar  with  all  the  principles  and 
techniques  of  perfusion. 

2.  Increasing  experience  with  the  bubble  oxygenator  has  led  to  the  gradual 
increase  of  flow  rates. 

3.  Maintenance  of  a  high  level  of  blood  in  the  helix  eliminates  the  possibility 
of  emboli  even  at  high  flows. 

4.  Anesthesia  should  be  minimal  on  all  bypass  procedures. 

5.  An  attempt  is  made  to  maintain  a  constant  blood  volume. 

6.  During  perfusion  the  lungs  should  remain  well  expanded  to  avoid  diapedesis 
of  red  blood  cells  into  the  alveolae. 

7.  Our  studies  verify  the  pre.sence  of  a  metabolic  acidosis  during  perfusion. 
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The  antibodies  demonstrable  on  the  red  cells  of  patients  viith.  auto-immune 
hemoh'tic  anemia  have  usually  been  considered  to  be  ''non-specific"  because 
the\'  react  with  all  human  erythrocj-tes  irre.spective  of  blood  type.  Recent 
studies  however,  have  indicated  that  some  of  the.se  apparently  panagglutinating 
antibodies  are  specific  for  a  blood  factor  present  on  the  patient's  own  erj-thro- 
cytes.  Weiner  and  co-workers  described  a  case  of  acquired  hemolj'tic  anemia 
in  which  an  antibody  of  anti-e  specificity  was  eluted  from  the  patient's  red  cells 
CI).  Sanger  (2)  observed  an  additional  case  with  anti-e  specificity,  and  an  anti- 
body with  anti-e  specificit}'  was  reported  b\'  Hollander  (3j.  Dacie  and  Cutbush 
(4)  found  similar  "specific  auto-antibody"  in  five  of  ten  cases  of  acquired  hemo- 
lytic anemia  and  van  Loghem  and  van  der  Hart  demonstrated  specific  auto- 
antibodies in  10  of  18  ca.ses  of  auto-immune  hemolj'tic  disease  (5).  In  all  but  one 
of  these  reported  cases,  the  specific  antibody  was  so  obscured  that  it  could  be 
demonstrated  only  after  differential  absorption  which  removed  concomitant 
non-specific  auto-antibody.  In  each  case  investigated,  the  blood  factor  corre- 
sponding to  the  specific  antibodj'  was  present  on  the  patient's  o^\-n  red  cells 
and  this  antigen-antibody  relationship  was  presumed  to  account  for  the  hemo- 
hiiic  process.  Furthermore,  observations  on  red  cell  .su\Tival  time  in  .several 
cases  have  demonstrated  relatively  good  sur\4val  of  transfused  cells  lacking  the 
specific  blood  factor  in  contra.st  to  the  markedly  decrea.sed  sur\-ival  of  autologous 
red  cells  (6j  or  of  other  red  cells  containing  the  .specific  blood  factor  (7). 

A  number  of  cases  of  acquired  hemol\i:ic  anemia  have  been  studied  in  our 
laboratories,  in  which  .specificity  could  be  detected  in  the  auto-antibodies.  In 
two  in.stances,  however,  the  corresponding  blood  factor  was  not  present  on  the 
patient's  erythrocytes.  Certain  observations  in  these  two  cases  may  cast  addi- 
tional light  upon  the  significance  of  auto-antibody  specificitj'. 

EXPERIMEXT.\L  STI  DIES 

The  .sera  and  eluates  studied  were  absorbed  primarily  to  disclose  Rh-Hr 
specificity.  Absorptions  were  performed  at  .37°C.  for  one  hour,  using  small 
(usually  J^o)  volumes  of  washed  packed  red  cells,  until  the  serum  or  eluate 
no  longer  reacted  with  the  ab.sorbing  blood.  The  absorbed  and  unabsorbed  ma- 

Frora  the  Department  of  Hematology,  The  Mount  Sinai  Hospital  and  Bureau  of  Labora- 
tories, Xew  York  City  Department  of  Health,  Xew  York,  X.  Y. 

*  Aided  by  the  .\lbert  A.  List  and  Frederick  Machlin  Research  Funds. 
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terials  were  tlien  retested  against  a  .series  of  bloods  of  known  types.  For  Kli-IIr 
specificity,  absorptions  of  aliquots  were  performed  with  red  cells  of  phenotype* 
Rho,  rh.  RhiHhi  and  Kh,.Rh...  In  .selected  cases  studies  for  K-k,  S-s,  M-X,  Fy"- 
Fy''  and  Jk^-Jk*"  specificity  were  also  performed  by  the  same  technic,  using 
appropriate  absorbing  bloods. 

Case  ^1 

'Sir.  M.  S.,  age  78  years.  Chronic  lymphatic  leukemia  with  thrombocytopenia 
and  a  mild  compensated  hemolytic  process;  blood  transfusions  retiuired  only 
for  hemorrhage. 

Blood  type:  Aj  Rhirh  kk 

Direct  antiglobulin  te.st:  +  +  +  to  +  +  +  +  at  37°C.,  +  to  ++  at  4°  to  2o°C. 

Serum  antibodies  due  to  iso-immunization  from  blood  transfusions  and  re- 
peated stimulation  with  0.2.")  ml  of  E  positive  K  negative  l)lood  to  maintain 
titer  of  anti-E*. 

Titer 

Inairect 

Specificity  Saline  Trypsin  Ficin  Antiglobulin 

anti-E  1:16  1:32  1:32  1:8 

anti-K  0  0  0  1:8 

Native  serum.  Use  of  a  panel  of  bloods  from  which  E  and  K  positive  cells  had 
been  excluded  demonstrated  the  presence  of  anti-D  by  the  trypsin  technic  at 
37°C.  Ficin  technic  revealed  the  presence  of  both  anti-D  and  of  non-specific 
antibody,  presumably  because  of  the  greater  sensitivity  of  this  method.  Xo  re- 
actions were  obtained  at  temperatures  below  37°C.  Thirty-one  D  positive  (E 
negative,  K  negative)  trypsin  treated  bloods  were  agglutinated  by  this  serum, 
whereas  35  D  negative  (E  negative,  K  negative)  trypsin  treated  bloods  were  not 
agglutinated  (Table  I). 

The  D  specificity  of  this  serum  appeared  to  be  a  cross-reaction  of  the  iso- 
inunune  anti-E  in  that  all  D  antibody  activity  could  be  removed  from  the  pa- 
tient's serum  by  absorption  with  type  rh"  (D  — E-|-)  red  cells.  The  anti-D  speci- 
ficity could  also  be  removed  upon  ab.sorption  with  Rho  or  Rhi  (D+E— )  red 
cells  with  minimal  or  no  reduction  in  the  anti-E  titer.  However,  eight  absorp- 
tions with  ec}ual  volumes  of  rh  (D  — E  — )  red  cells  failed  to  remove  the  D  anti- 
body acti^•ity. 

Filiate .  The  reactions  of  the  unabsorbed  eluates  prepared  from  the  patient's 
red  cells  were  those  of  a  pan-antibody  active  only  at  37°C.  Specificity  was  not 
demonstrable  by  any  technic,  although  cells  containing  the  known  blood  factors 
in  various  combination  were  used  for  testing. 

Alicjuots  of  the  native  eluate  were  absorbed  with  red  cells  of  phenotypes  Rho, 
RhiRhi,  X  Rh2Rh2,  and  rh,  and  the  absorbed  fluids  retested  against  selected 
bloods.  A  single  ab.sorption  with  0.1  volume  of  packed  ficin-treated  rh"  (D  — E  +  ) 
red  cells  produced  an  absorbed  fluid  with  anti-D  speciflcity  (Table  II). 

*  Rh  phenot^-pe  notations  are  those  of  A.  S.  Wiener  (8).  Rh  specificity  or  "blood  factor" 
notations  are  those  of  R.R.  Race  (9). 
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TABLE  I 


Demonstration  of  Anti-D  Specificity  in  Native  Serum,  Case  I* 


Test  Red  Cells 

Methodf 

Saline 

Trypsin 

Ficin 

Indirect 
Antiglobulin 

31  D  positivet  

35  D  negative!  

0 
0 

+  +  + 
0 

+  +  +  + 
+  § 

+  +  + 

0 

*  Rhirh  kk  patient  with  acquired  hemolytic  anemia. 

t  At  37°C.  All  reactions  negative  at  4°  and  22°C. 

t  Selected  as  negative  for  the  B,  K,  and  E  blood  factors. 

§  Positive  reaction  of  equal  intensity  with  all  35  bloods  tested. 


TABLE  II 


Demonstration  of  Anti-D  Specificity  in  Eluate,  Case  I,  after  Absorption  with 

Type  rh"  Red  Cells 


Test  Red  Cells 

Method* 

Saline 

Trypsin 

Ficin 

Indirect 
Antiglobulin 

10  D  positive!  

6  D  negative!  

0 
0 

0 
0 

+  + 

0 

+ 

0 

*  37°C.  Reactions  negative  at  4°  and  22'C. 

t  Included  phenotypes  Rho,  Rhirh,  RhiRhi,  RhoRhj,  and  RhiRh>. 
t  Included  phenotypes  rh',  rh",  and  rh. 


Since  anti-D  was  present  in  the  patient's  serum  and  could  pre.sumably  react 
with  the  patient's  own  D  positi\'e  red  cells,  it  is  not  surprising  that  anti-D  could 
be  eluted  from  the  patient's  erythrocytes;  however,  similar  absorption  with  0.1 
volume  of  Rhi  or  Rho  (D+E  — )  red  cells  left  an  antibody  with  anti-E  speci- 
ficity (Table  III). 

This  finding  was  unexpected,  since  the  erythrocytes  from  which  the  eluate  had 
been  prepared  lacked  the  E  blood  factor*.  The  possibility  of  contamination  with 
some  of  the  anti-E  present  in  the  patient's  serum  was  excluded  by  the  ab- 
sence of  demonstrable  antibody  in  the  erj^throcyte  washings  prior  to  elution, 
and  by  the  exhaustive  washing  of  both  the  red  cells  and  of  the  red  cell  stromata 
prior  to  elution.  A  further  control  was  the  simultaneous  and  repeated  preparation 
of  eluates  from  the  red  cells  of  an  Rh  negati\-e  (rh)  patient  with  accjuired  hemo- 
lytic anemia  who  was  strongly  iso-immunized  to  D  (titer  1:256).  The.se  eluates 
contained  no  evidence  of  anti-D,  although  anti-e  could  be  demonstrated  without 
difficulty  after  suitable  ab.sorption. 

Although  anti-E  specificity  was  obtained  in  an  eluate  from  E  negative  red 
cells  it  could  be  considered  to  be  a  cro.ss-reaction  of  anti-D;  i.e,.  anti  DE  reacting 

*  In  this  patient,  as  well  as  in  the  subsequent  case,  careful  red  cell  typings  had  been 
performed  many  months  prior  to  the  time  that  a  positive  direct  antiglobulin  reaction  first 
appeared  and  the  absence  of  the  blood  factor  in  ((uestion  was  noted  with  more  than  one 
reagent. 
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TABLE  III 

Demonstration  of  Anti-E  Specificity  in  Eluate,  Case  I,  after  Absorption  with 

Rho  or  Rhi  Red  Cells 


-Method* 


Test  Red  Cells 

Saline 

Trypsin 

Ficin 

Indirect 
Antiglobulin 

6  E  positivet  

10  E  negativej  

0 
0 

+  + 

0 

+  +  +  + 
+  + 

+ 

0 

*  37°C.  Reactions  negative  at  4°  and  22°C. 

t  Included  phenotypes  RhiRho,  Klr  Rh^,  and  rh". 

t  Included  phenotypes  Rh,,  Rh"ih,  RhiRh,,  rh'  and  rh. 


with  the  patient's  D  positive  cells.  Anti-D  .specificity  was  present  in  the  .same 
eluate,  (i.e.,  anti-DE),  and  the  serum  anti-D  activity  appeared  to  be  anti-E 
cross-reacting  with  D,  so  that  the  red  cell  eluate  (or  an  appreciable  portion  of  it) 
might  be  the  same  cross-reacting  anti-DE.  Unfortunately,  this  hypothesis 
could  not  be  tested  by  repeated  alxsorption  of  the  eluate  with  type  Rhu  (D-)-E-) 
cells.  We  have  found  that  eluates  are  subject  to  non-specific  loss  by  simple  ab- 
sorption upon  repeated  e.\po.sure  to  apparently  compatible  red  cells  or  upon 
Seitz  filtration. 

Case  %2 

Mr.  I.  T.,  age  67  years.  Subacute  myelocytic  leukemia  with  thrombocytopenia 
and  mild  compensated  hemolytic  process;  blood  transfusions  required  only  for 
hemorrhage. 

Blood  type:  O  rh  kk 

Direct  antiglobuhn  test:  Negative  prior  to  development  of  Rh  antibodies; 
+  +  +  +  at  37°,  25°,  and  4°C.  after  Rh  iso-unmunization. 

Serum  antibodies  due  to  iso-immunization  by  two  units  of  Rh  positive  blood 
and  later  by  purposeful  stimulation  with  0.25  ml  of  Rh  positive  blood: 


Titer  of  Rh  Antibodies* 

Rho 

rh' 

rh* 

rh 

D.A.R.t 

A.F.R.J 

Prior  to  transfusion 

0 

0 

0 

0 

0 

0 

Following  2  units  of  Rh  posi- 

32 

1 

0 

0 

0 

0 

tive  blood 

Following  successive  stimuli  (1) 

512 

8 

1 

1 

0 

0 

with  0.25  ml  of  Rh  positive  (2) 

1280 

16 

4 

1 

0 

± 

blood  at  approximately  2  (3) 

5120 

320 

64 

1 

0 

-f- 

week  intervals  (^4) 

5120 

320 

n.t. 

4 

*  Using  ficin  treated  red  cells, 
t  Direct  antiglobulin  reaction. 

t  Auto-ficin  reaction:  auto-antibody  demonstrable  at  .37°C.  when  serum  of  patient 
was  tested  with  patient's  red  cells  treated  with  ficin. 
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TABLE  IV 
Eluate  Specificity,  Case  II 


Test  Material 

Test  Red  Cells 
37°C.* 

Test  Red  Cells 
4=-25°C.' 

10  D  positive 

7  D  negative 

10  D  positive 

7  D  negative 

1. 

Native  eluate  

+  +  +  + 

+  + 

+  + 

2. 

Eluate  post-absorption 

with  D  positive  bloodst  • 

0 

0 

0 

0 

3. 

Eluate  post -absorption 

with  D  negative  bloodsj 

+++ 

0 

+ 

0 

*  Ficin  method.  Identical  but  slighth"  weaker  reactions  obtained  with  indirect  anti- 
globulin method. 

t  Identical  results  obtained  with  eluate  aliquots  absorbed  with  RhiRhi,  Rh:Rh2,  RhiRh2 
and  Rho  bloods. 

I  Identical  results  obtained  with  eluate  aliquots  absorbed  with  rh,  rh',  and  rh"  bloods. 


The  native  eluate  contained  antibody  which  reacted  with  bloods  of  all  types 
by  the  indu'ect  antiglobulin  technic  and  .strongly  agglutinated  all  enzyme-treated 
red  cells  regardless  of  antigenic  compo.sition.  The  reactions  were  maximal  at 
37°C.,  and  were  much  weaker  at  lower  temperatures.  After  absorption  at  37°C. 
with  D  negative  bloods  (types  rh,  rh',  or  rh")  the  eluates  gave  positive  reactions 
with  10  D  pcsitive  bloods  but  failed  to  react  with  7  D  negative  bloods.  Similar 
absorptions  ^\•ith  RhiRhi,  Rh2Rh2  or  Rho  cells  resulted  in  complete  loss  of  ac- 
tivity (Table  IV). 

Over  a  two  year  period  the  eluates  became  progressi\  ely  weaker,  and  appeared 
to  contain  a  progressively  increasing  proportion  of  anti-D  antibody  relative  to 
the  pan-antibody. 

DISCUSSION' 

Previous  studies  of  the  specificity  of  auto-antibodies  in  acquired  hemoh'tic 
anemia,  have  demon.strated  antibodies  with  specificity'  for  antigens  pre.sent  in 
the  red  cells  of  the  patients  selected  for  studj'.  This  report  reveals  two  instances 
in  which  antibody  eluted  from  the  patient's  own  red  cells  (auto-antibody)  had 
specificity  for  a  blood  factor  not  present  in  the  patient's  red  cells. 

One  explanation  for  this  unu.sual  finding  is  lack  of  control  over  antibody  pro- 
duction which  is  always  taking  place.  Thus  it  might  be  assumed  that  all  indi- 
viduals are  .subject  to  auto-erythrocytic  antibody  production,  but  that  hemo- 
lytic anemia  results  onh'  when  this  "horror  auto-toxicus"  outruns  normal  curbs. 
This  explanation  would  allow  for  the  production  of  auto-antibody  through  pre- 
viou.sly  e.stablished  auto-  and  iso-immune  mechanisms. 

Another  possible  explanation  is  that  of  immunization  to  an  Rh  .structure  com- 
mon to  all  Rh  antigens,  yielding  results  sugge.stive  of  complete  non-specificity. 
Such  immunization  could  arise  either  de  novo  as  the  initial  sensitization,  or  as  a 
result  of  initial  iso-immunization  to  a  blood  factor  in  the  Rh  system,  with  .sub- 
sequent widening  of  the  "spectrum  of  ispecificity"  as  further  stimulation  oc- 
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curred.  Sucli  an  until)()dy,  altliougli  fapahle  of  reacting  with  all  antigens  eon- 
taining  the  basic  Hh  structure  might  nevertheless  react  preferentially  with  one 
or  more  specific  Kh  blood  factors.  Thus  an  eluate  containing  such  an  antibody 
might  in  its  native  state  react  with  all  human  red  cells  containing  antigens  in 
the  Kh  system  and  appear  non-specific,  but  after  suitable  al)sorption  react  with 
only  the  preferretl  antigen. 

The  first  explanation  woukl  appear  to  be  more  generally-  applicable  but  in 
selected  individuals  the  second  explanation  may  be  contributory. 

SUMMARY 

Studies  pertaining  to  the  Hh  specificity  of  antibodies  in  the  red  cell  eluates 
obtained  from  two  cases  of  auto-imminie  acquired  hemolytic  anemia,  di.sclosed 
in  each  a  specificity  for  an  Rh  factor  not  demonstralilc  in  the  red  cells  of  the 
patient.  In  both  instances  the  patient  had  been  iso-immunized  first  by  blood 
transfusion  and  later  by  purposeful  stimulation  for  the  uiuisual  specificity.  Both 
patients  reciuired  occasional  blood  transfusion  for  hemorrhage  due  to  the  throm- 
bocj'topenia,  but  not,  apparently,  for  hemolytic  anemia. 
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VERTEBRAL  ANGIOGRAPHY 


ROBERT  MONES,  M.D.* 
New  York,  N.  Y. 

The  main  purpose  of  this  study  on  vertebral  angiography  is  to  determine  its 
importance  in  cUnical  neurology.  The  following  questions  which  are  vital  in 
evaluating  a  neuro-radiologic  procedure  will  be  answered:  (a)  difficulty  of  the 
procedure  and  incidence  of  failure;  (b)  complications  inherent  in  the  procedure 
including  discomfort  to  the  patient,  morbidity,  and  mortality;  (c)  the  correla- 
tion between  pathological  processes  and  x-ray  findings.  These  questions  will  be 
partially  answered  from  experience  of  the  past  year  at  The  Mount  Sinai  Hospital. 

There  are,  to  my  knowledge,  at  least  nine  different  methods  of  vertebral 
angiography.  As  early  as  1933,  INIoniz  noted  retrograde  filling  of  the  basilar 
artery  in  five  of  six  hundred  cases  of  carotid  angiography.  Seeing  no  apparent 
complication  in  these  patients,  he  proceeded  to  the  first  vertebral  study  by  in- 
serting a  needle  into  the  right  subclavian  artery.  In  1937,  Shimidzu  described  a 
percutaneous  method  of  catheterization  of  the  subclavian  artery  and  showed 
filling  of  the  vertebral  system.  In  1938,  Sjoquist,  and  in  this  countrj^  King  (1), 
described  a  method  of  cutting  down  to  the  vertebral  artery  in  the  neck  for  a 
direct  approach.  Takahashi,  in  1940,  developed  a  direct  percutaneous  approach 
to  the  \'ertebral  below  its  entrance  into  the  trans\'erse  foramen.  The  above  meth- 
ods were  all  found  to  be  impractical  for  routine  work  because  of  the  necessity 
for  anaesthesia  in  some  and  the  need  for  a  surgical  procedure  in  others.  The  first 
practical  method  which  now  has  become  a  routine  in  many  centers  was  originally 
described  by  Lindgren  of  Sweden  in  1947  (2).  This  entails  a  direct  approach, 
without  anaesthesia  or  surgery,  to  the  vertebral  artery  as  it  runs  through  the 
trans\-erse  foramen.  This  method,  which  is  essentially  the  one  we  use  at  The 
Mount  Sinai  Hospital,  was  used  by  Sjogren  (3),  who  reported  a  series  of  two 
hundred  cases  in  which  there  were  no  permanent  complications.  He  was  success- 
ful in  148  of  the  last  150  ca.ses. 

Ameli  in  1952,  published  a  large  series  of  cases  done  by  the  retrograde  method 
(4).  With  a  needle  in  the  proximal  right  carotid  artery,  the  right  brachial  artery 
is  occluded  with  a  pressure  culT.  The  distal  carotid  is  then  occluded.  At  this 
point  the  opaque  material  is  injected  into  the  carotid  artery  and  is  forced  down 
to  the  innominate  artery  and  eventually  up  to  the  vertebral  from  below.  In 
most  hands,  this  method  does  not  give  a  high  percentage  of  successful  pro- 
cedures. However,  a  group  in  Sja-acuse  claims  success  in  forty -four  of  fifty-two 
attempts  (5). 

Namin,  in  France,  enters  the  vertebral  percutaneously  between  the  occiput 
and  the  atlas  in  a  posterior  approach  (6).  He  claims  good  results  in  162  cases. 

Recently  in  Sweden,  Ollson  and  Radner  have  developed  a  method  in  which 
they  enter  the  radial  artery  and  thread  a  catheter  into  either  vertebral  artery. 

*  From  the  Department  of  Neurology,  The  Mount  Sinai  Hospital,  New  York. 
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Radner  reported  a.  series  of  221  cases  (7).  The  fact  that  the  radial  artery  was 
sacrificed  after  the  procechire,  the  higher  incidence  of  complications,  and  the 
intrinsic  complexity  of  the  catheter  method,  inchxding  the  need  for  fluoroscopy 
makes  Radner's  method  unsuitable  for  general  use. 

A  method  suited  for  infants  and  children  was  noted  by  (Jould  (8)  in  lOoo.  A 
cut  down  is  done  on  the  brachial  arterj-  and  a  large  amount  of  opacjue  fluid  is 
injected  in  the  retrograde  manner.  Seven  out  of  seven  children  had  succes.sful 
vertebral  angiography  in  this  report. 

The  latest  method  in  the  literature  was  devised  in  Sweden  and  is  a  catheteri- 
zation method  in  which  the  catheter  is  inserted  into  the  femoral  artery  and 
threaded  up  to  the  vertebral  (9). 

MIOTHODS 

At  The  Movnit  Sinai  Hospital  we  have  used  only  two  methods;  the  direct 
percutaneous  procedure  and  the  retrograde  filling  technitjue  via  the  right  carotid 
artery.  We  use  the  same  general  method  as  described  by  Sjogren  (3).  The  pa- 
tient is  usually  gWen  Demerol  75  mg.  and  Atropine  0.4  mg.  before  going  to  the 
x-ray  department.  Procaine  is  used  to  anaesthetize  the  skin  and  deep  tissues  of 
the  neck.  We  have  found  that  if  procaine  is  injected  close  to  the  fascia  over- 
lying the  transverse  processes  of  the  cervical  vertebrae,  severe  pain  is  usually 
avoided.  Either  a  long  Cournand  needle  or  a  short  bevel  17  gauge  spinal  needle 
is  introduced  near  the  midline,  low  in  the  neck,  and  angled  upward  for  the  dis- 
tance of  two  or  three  vertebrae.  When  the  trachea  is  moved  laterally,  the  verte- 
bral body  is  met.  The  needle  is  then  moved  laterally,  off  the  body  and  onto  the 
fascia  overlying  the  processes  of  the  vertebrae.  The  needle  is  next  inserted  be- 
tween two  processes  into  the  transverse  foramen.  It  is  usually  not  difficult  to 
enter  the  artery  which  runs  through  the  foramen  along  with  the  vertebral  veins 
and  the  cervical  roots.  Once  the  needle  enters  the  artery,  blood  spurts  back, 
though  with  less  vigor  than  in  carotid  artery  puncture.  The  needle  is  always 
kept  pointing  laterally  during  this  maneuver  to  preclude  the  possibility  of  enter- 
ing the  subarachnoid  space.  The  greatest  problem  is  to  keep  the  needle  in  the 
artery  while  the  patient  is  being  positioned  for  the  x-ray.  We  have  found  that 
the  needle  stays  in  longer  if  the  angle  upwards  is  so  great  that  the  needle  ap- 
proaches a  parallel  with  the  artery.  Hypaque®  has  been  used  as  the  contrast 
sub.stance  in  all  of  our  studies. 

RESULTS 

There  were  only  twenty-three  successful  vertebral  angiograms  done  before 
January  1957.  A  successful  stud\'  may  be  defined  as  one  in  which  either  a  lateral 
or  anterior-posterior  view  shows  complete  filling  of  the  basilar  and  vertebral 
arteries  and  some  filling  of  the  posterior  cerebral  arteries.  Most  of  the  recent 
films,  done  by  the  direct  method,  show  many  more  branches,  as  will  be  shown 
later  in  this  paper.  From  Januiiry  to  August  1  of  1957  twenty-eight  vertebral 
angiograms  have  been  done  giving  us  fifty-one  cases  in  this  mode.st  series.  Most 
of  the  vertebral  studies  before  1957  were  accidentally  obtained  while  attempt- 
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TABLE  I 

Summary  of  Vertebral  Angiography  at  The  Mount  Sinai  Hospital 


1953-1956 

Purposeful  direct  study  7 

Accidental  direct  study  6 

Retrograde  study  10 

Total  23 

January-July  1957 


Attempts  at  retrograde  study  15 
Successful  retrograde  studj-  6 
Accidental  retrograde  study  1 


Attempts  at  direct  study  26 

Successful  direct  study  19 

Accidental  direct  study  3 

Total  Successful  cases  28 


(one  case  had  successful  retrograde  and  direct  angiograms) 
Complications 

Retrograde  studies  none 

Direct  1  (weakness  of  shoulder  for  at  least  one  week) 

Accidental  Direct 
cannulation 
without  injec- 
tion of  Hypaque  1  (severe  brain  stem  dysfunction)  (Prelated  to  procedure) 


ing  to  do  routine  carotid  angiography,  or  were  retrograde  visualizations  which 
are  usually  incomplete. 

The  figures  after  January  1957  give  some  indication  as  to  the  difficulty  of  the 
procedure.  I  have  listed  all  the  attempts  with  a  notation  as  to  the  success  and 
failure.  The  patients  who  had  only  one  view;  either  lateral  or  anterior-posterior 
are  considered  satisfactory  studies  (Table  I). 

From  January  to  August  1,  1957  there  have  been  thirty-eight  cases  in  which 
either  a  retrograde  or  direct  vertebral  study  was  attempted.  Of  fifteen  attempts 
at  retrograde  filling,  six  were  of  value  in  that  some  information  was  elicited.  In 
general,  retrograde  filling  is  poor,  although  there  have  been  some  excellent 
retrograde  studies.  Anatomic  variation  may  contribute  to  the  variable  results. 
Of  twenty-six  attempts  at  direct  vertebral  angiography,  nineteen  were  success- 
ful. An  additional  three  direct  vertebral  were  done  accidentally  in  this  period. 

In  summary,  direct  percutaneous  angiography  of  the  vertebral  artery  is  a 
simple  procedure,  not  much  different  from  carotid  angiography.  With  experi- 
ence, success  should  probably  occur  in  more  than  eighty-five  percent  of  the  cases. 
On  the  other  hand,  retrograde  filling  technique  gave  information  in  less  than 
one-half  of  the  attempts,  and  these  tended  to  be  less  complete  studies. 

The  incidence  and  degree  of  morbidity  and  discomfort  is  important  in  evalua- 
tion of  special  x-ray  procedures.  The  retrograde  method  is  no  more  difficult 
than  carotid  angiography  and  does  not  cause  significantly  greater  discomfort 
to  the  patient.  The  occlusion  of  one  carotid  during  the  I'etrograde  procedure  has 
not  been  associated  with  any  morbidity.  Direct  vertebral  angiographj^  is  usually 
more  difficult  than  carotid  studies;  however  there  have  been  many  comparatively 
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painless  tlirect  proccdurt's.  Patients  IrociiUMitly  coiuplaiii  ol'  pain  in  the  shoulder, 
arm  and  posterior  neck  during  and  after  the  procedure.  The  cervical  root  is 
posterior  to  the  vertebral  artery  and  is  fre(iuently  irritated  when  the  needle  is 
inserted.  Once  sufficient  familiarity  with  the  procedure  is  acquired,  the  attend- 
ant discomfort  to  the  patient  is  not  much  greater  than  one  sees  in  carotid  studies. 

The  length  of  time  and  number  of  attempts  at  cannulation  is  variable.  It  usu- 
ally takes  more  attempts  to  enter  a  vertebral  artery  than  a  carotid,  although  some 
vertebral  arteries  have  been  entered  on  the  first  attempt.  IMany  patients  com- 
plain of  dizziness,  falling,  or  peculiar  sen.sations  during  the  injection.  Aside 
from  pain  and  stiffness  of  the  neck  which  lasts  for  one  to  three  days,  and  a  few 
instances  of  transient  dysarthria,  we  have  only  one  definite  complication  from 
vertebral  angiography.  This  patient  had  weakness  of  his  shoulder  muscles  on  the 
side  injected  for  at  least  one  week  after  the  study.  This  was  presumably  due  to 
local  nerve  trauma  in  the  transverse  canal.  Two  patients  died  within  forty-eight 
hours  of  the  vertebral  study.  Both  of  these  patients  were  moribimd  before  the 
procedure,  and  their  clinical  states  did  not  change  perceptibly.  Postmortem 
examination  did  not  show  any  acute  changes  in  the  brain  stem.  One  patient 
de\'eloped  symptoms  of  brain  stem  dysfunction  a  few  minutes  after  a  vertebral 
artery  was  cannulated  by  error  during  an  attempt  at  carotid  artery  angiography. 
The  needle  was  withdrawn  within  one  minute,  and  no  opacjue  fluid  was  injected. 
It  is  not  clear  what  cau.sed  this  complication. 

In  summary,  there  was  no  mortality  associated  with  the  procedure.  Two  pa- 
tients of  a  total  of  thirty-eight  attempts  suffered  permanent  morbidity  (Table  I). 

DISCUSSION 

Interpretation  of  vertebral  angiograms  remains  difficult.  It  seems  reasonable 
to  assume  that  as  the  present  limited  experience  increases  the  clinical  value  of 
the  procedure  will  grow.  Because  of  the  frequent  normal  variations  of  vessels  in 
a  comparatively  small  space,  evaluation  of  these  studies  is  more  difficult  than 
that  of  carotid  angiograms.  In  certain  types  of  vascular  disease  such  as  aneurysms, 
arterio-venous  anomalies,  and  obvious  stains  from  tumor  masses,  the  interpreta- 
tion is  simple.  The  displacement  of  veins  and  arteries  associated  with  tumors 
of  the  posterior  fossa  is  more  difficult  to  judge. 

Olsson  reported  fourteen  verified  angle  tumors  in  which  vertebral  angiog- 
raphy was  claimed  to  show  significant  changes  in  thirteen  (10).  He  states  that 
small  changes  in  the  superior  cerebellar  artery  are  indicative  of  tumors.  Radner 
had  ten  cases  of  angle  tumors  and  only  two  showed  significant  abnormalities  in 
his  opinion  (7).  Decker  noted  changes  in  the  posterior  cerebral  artery  in  posterior 
fossa  lesions.  In  twenty-six  cases  of  cerebellar  tumor  he  noted  that  one-fifth  of 
the  cases  had  a  raised  posterior  cerebral  artery  (11). 

Columella  (12)  studied  supratentorial  lesions  and  noted  many  changes  in  the 
posterior  cerebral  branches  in  po.sterior  cerebral  tumors.  Lofgren  attempted  to 
correlate  the  vertebral  angiogram  and  the  etiology  of  hydrocephalus  (13).  He 
feels  that  if  there  is  no  shift  in  the  cerebellar  vessels,  then  a  diagnosis  of  stenosis 
of  the  aqueduct  is  likely.  Radner  (7)  in  reviewing  his  221  cases  noted  that  in 
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four  cases  of  cerebellar  astrocytomas  and  four  cases  of  medulloblastomas,  the 
only  finding  was  evidence  of  hydrocephalus.  In  five  cases  of  cerebellar  hemangi- 
oma four  showed  abnormal  vascularity.  One  of  four  posterior  fossa  meningeomas 
showed  a  stain  on  vertebral  angiography.  Other  authors  have  stressed  the  course 
of  the  posterior  inferior  cerebellar  artery  (2).  This  artery,  when  seen  running 
well  below  the  foramen  magnum  is  thought  to  give  evidence  of  a  mass  in  the 
po.sterior  fossa  (Figure  6). 

In  general  the  world  literature  agrees  that  tumors  of  the  posterior  fossa  do 
not  show  diagnostic  staining  as  frequently  as  masses  in  the  supratentorial  re- 
gions. Small  movements  of  the  arteries  and  veins  are  usually  subtle  for  inter- 
pretation, although  ob^■ious  deformities  of  the  vessels  can  be  seen  with  some 
tumors  (Figure  5). 

Frequently,  the  posterior  cerebral  artery  will  fill  only  from  the  basilar  artery 
and  therefore  tumors  or  vascular  malformations  of  the  occipital  and  posterior 
temporal  regions  can  only  be  diagnosed  by  vertebral  angiography  (and  air 
studies).  When  an  aneurysm  is  suspected  the  need  for  vertebral  angiogram  is 
ob\dous.  In  many  centers  a  vertebral  angiogram  is  routine  in  the  search  for  an 
aneurysm  after  an  episode  of  .subarachnoid  hemorrhage.  Spatz  (14)  reported 
sixty  cases  of  subarachnoid  hemorrhage  with  vertebral  studies.  Sixteen  patients 
showed  pathology  related  to  the  subarachnoid  hemorrhage.  There  were  eight 
cases  of  po.sterior  fossa  aneurysms  and  eight  cases  of  arterio-venous  anomalies 
of  the  posterior  circulation. 

The  information  gained  from  vertebral  angiography  at  The  !Mount  Sinai 
Hospital  was  reviewed.  Of  the  fifty-one  kno\ni  ca.ses  three  had  definite  evidence 
of  tumor  staining  on  the  late  arterial  or  venous  phases  of  the  angiogram.  Two  of 
these  were  verified  meningeomas  of  the  tentorium  and  one  was  presumabh^  a 
metastatic  lesion  in  a  man  with  proven  carcinoma  of  the  lung  (Figure  1). 

We  have  found  one  aneurysm  of  the  posterior  circulation  (Figure  2). 

There  have  been  many  minor  and  major  anomalies  of  the  circulation  seen. 
The  vertebral  arteries  are  frequently  asymmetrical  in  size  and  position.  The 
basilar  artery  is  commonly  extremely  tortuous  from  its  formation  to  the  origin 
of  the  posterior  cerebrals.  The  superior  cerebellar  arteries  sometimes  do  not  fill 
in  patients  who  do  not  show  brain  stem  symptomatology.  There  were  three 
cases  in  which  the  posterior  cerebral  artery  on  one  side  received  most  or  all  of 
its  blood  supply  from  a  carotid  artery  and  not  from  the  basilar  artery.  An  anoma- 
lous connection  on  the  clivus  between  the  basilar  and  carotid  .sj'stems  was  .seen  in 
one  case;  and  a  connection  between  the  ba.silar  artery  and  a  pharyngeal  branch 
of  the  external  carotid  was  seen  in  another. 

We  have  four  cases  of  narrowing  or  occlusion  of  A  essels  which  were  apparently 
related  to  the  patient's  sj'mptoms.  In  two  cases  the  basilar  arter}^  was  narrowed 
and  showed  poor  filling,  in  one  case  the  posterior  cerebral  artery  was  occluded 
(Figures),  and  in  the  fourth  case  the  vertebral  arterj'  was  narrowed  in  the  region 
of  the  branching  of  the  posterior  inferior  cerebellar  artery  (Figure  4). 

The  vertebral  angiogram  was  abnormal  in  three  of  five  cases  whose  histories 
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Fig.  1.  49  year  old  male  with  proven  carcinoma  of  the  lung.  He  had  ataxia,  ny.stagmus, 
and  headache. 

Angiogram  shows  an  obvious  circular  stain  in  the  midline  (A).  An  abnormal  vessel  (B) 
is  seen  entering  the  region.  This  is  an  abnormal  pattern  which  probably  represents  meta- 
static carcinoma  to  the  cerebellum.  No  autopsj'  was  done. 


Fig.  2.  A  38  j-ear  old  female  with  evidence  of  brain  stem  disea.se.  There  were  no  episodes 
of  subarachnoid  hemorrhage. 

The  angiogram  shows  a  large  aneurysm  (A)  at  the  distal  end  of  the  basilar  artery  (1) 
connecting  with  the  posterior  cerebral  arteries  and  the  superior  cerebellar  arteries. 

Right  posterior  cerebral  artery  (2) 

Left  superior  cerebellar  artery  (3) 

Left  posterior  inferior  cerebellar  artery  (4) 
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Fig.  3.  35  year  old  female  with  right  homonymous  hemianopsia.  The  angiogram  shows 
an  occlu.sion  of  the  posterior  cerebral  artery  on  the  left  (1).  A  left  carotid  angiogram  showed 
no  filling  of  the  left  posterior  cerebral  arterj-. 


Fig.  4.  A  66  year  old  male  with  evidence  of  episodic  brain  stem  dysfunction  thought  to 
be  on  a  vascular  basis. 

Angiogram  shows  narrowing  of  the  right  vertebral  artery  (1)  at  the  region  of  the  branch- 
ing of  the  posterior  inferior  cerebellar  artery  (2).  The  significance  of  this  suggestive  finding 
is  not  certain. 

were  compatible  with  the  basilar  artery  insufficiency  syndrome.  Two  showed 
narrowing  and  poor  filling  of  the  basilar  artery  and  one  showed  narrowing  of  the 
\'ertebral.  The  width  of  the  basilar  artery  could  not  be  correlated  with  the  above 
syndrome.  A'ariation  ranged  from  one  and  a  half  to  three  millimeter  in  width 
as  measured  on  lateral  x-ray.  On  the  negative  side  there  have  been  seven  proven 
neoplasms  of  the  posterior  fossa  who  have  had  normal  vertebral  studies.  The 
.series  include  two  cerebellar  pontine  angle  neoplasms,  three  cerebellar  tumors 
one  pontine  glioma,  and  one  ependymoma  of  the  fourth  ventricle.  We  have  seen 
suggestive  deviations  of  the  basilar  artery  and  the  superior  cerebellar  artery  in 
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Fig.  5.  23  year  old  male  with  proven  neoplasm  of  posterior  fossa.  The  basilar  artery 
(1)  is  narrow  and  appears  to  he  flattened  against  the  clivus.  The  posterior  cerebral  artery 
is  displaced  upwards  (2). 


Fig.  6.  67  year  old  female  with  evidence  of  brain  stem  vascular  disease.  The  posterior 
inferior  cerebellar  artery  (1)  is  seen  running  below  the  foramen  magnum.  The  basilar 
artery  (2)  the  superior  cerebellar  (3)  and  posterior  cerebral  (4)  and  vertebral  (.5)  are  all 
in  normal  position.  There  was  no  evidence  of  a  mass  lesion  in  this  patient. 

tumor  cases;  however,  we  do  not  have  enough  experience  to  be  sure  that  these 
fihns  are  in  the  abnormal  range. 

Downward  deviation  of  the  posterior  inferior  cerebellar  artery  is  hard  to 
interpret.  We  have  two  cases  in  which  the  posterior  inferior  cerebellar  artery  is 
definiteh'  running  below  the  foramen  magnum.  The  clinical  history  in  these 
cases  did  not  suggest  a  mass  lesion  or  herniation  of  the  tonsils,  however  there 
wei"e  no  po.st-mortem  examination  or  operative  procedure  in  these  cases. 

CON'CLUSIOX 

Our  experience  agrees  with  most  of  the  world  literature  in  that  neoplasms  of 
the  posterior  fossa  are  infrequently  defined  by  angiography.  It  is  po.ssible  that 
with  improvement  in  techniciue  and  more  experience,  we  will  lower  the  incidence 
of  false  reports. 
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Vertebral  angiography  is  the  only  method  for  making  definitive  diagnoses 
for  vascular  diseases  such  as  occlusive  disease,  aneurysms,  and  arteriovenous 
anomalies.  Vertebral  studies  can  be  done  in  the  face  of  posterior  fossa  neoplasms 
or  basilar  artery  disease  with  no  great  risk.  It  is  a  simple  benign  procedure  very 
similar  in  discomfort,  morbidity  and  difficulty  to  routine  carotid  angiography. 
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GASTROINTESTINAL  MAXll  KSTATIONS  OF  PRLMARY  HYPP:R- 
PARATHYROIDISM:  EXPERIENCE  AT  THE  MOUNT  SINAI 
HOSPITAL  AND  HEMIAV  ()!•  THE  LITEHATl'llE 


AHNOr.U  M.  MOSES,  Ml).* 
\'ew  York,  N.  Y. 

The  purpose  of  this  report  is  to  discuss  the  gastrointestinal  complications  of 
primary  hyperparathyroidism.  The  experience  at  The  Mount  Sinai  Hospital 
and  the  literature  in  general  have  been  reviewed  in  this  regard. 

The  records  of  The  INIount  Sinai  Hospital  reveal  37  proven  cases  of  primary 
hyperparath3'roidism.  This  group  is  composed  of  2()  females  and  11  males.  Of 
the  total  of  37  patients,  peptic  ulcers  were  proven  in  4  cases.  Gastrointestinal 
symptoms  were  prominent  without  proven  peptic  ulcer  in  5  patients  and  28 
cases  had  no  significant  gastrointestinal  sj'mptoms. 

CASE  REPORTS  OF  HOSPITAL  PATIENTS  WITH  HYPERPARATHYROIUISM 
AND  PEPTIC  ULCERATION'. 

Case  1 

M.  W.  MSH  *  50083.  This  67  year  old  male  was  first  admitted  to  The  Mount 
Sinai  Hospital  in  December  1948,  complaining  of  abdominal  pain,  weakness  and 
melena.  For  15  years  he  had  noted  intermittent  abdominal  pain  which  generally 
responded  to  belladonna  therapy.  Gastrointestinal  series  in  1948  revealed  a 
projection  from  the  lesser  curvature  of  the  stomach,  interpreted  as  a  benign 
gastric  ulcer.  The  patient  w^as  treated  conservatively  and  discharged  improved. 

The  patient  was  readmitted  in  July  1955  because  of  swelling  and  pain  in  the 
right  leg.  Occasional  melena  had  been  noted  in  the  interval  since  his  first  hos- 
pital discharge.  X-rays  revealed  large  cystic  areas  throughout  the  long  bones, 
consistent  with  hyperparathyroidism.  Serum  calcium  ranged  from  9.2  to  11.8 
mgm.  per  cent,  serum  phosphorus  from  1.1  to  1.6  mgm.  per  cent,  and  alkaline 
phosphatase  was  15.3  King-Armstrong  units.  The  patient  was  explored  and  a 
single  parathyroid  adenoma  removed.  The  post-operative  course  was  unevent- 
ful. 

In  September  1955  sudden  acute  abdominal  pain  developed  and  the  patient 
expired.  Post-mortem  examination  re\  ealed  a  dissecting  aneurysm  of  the  thoracic 
aorta  and  a  healed  gastric  ulcer. 

Comments:  Symptoms  of  gastric  ulcer  were  present  for  22  years  before  defini- 
tive evidence  of  hyperparathyroidism  appeared.  It  is  interesting  to  speculate  on: 
(a)  the  possibility  that  hyperparathyroidism  existed  for  22  years,  and  (b)  the 
possible  relationship  between  the  hyperparathyroidism  and  dis.secting  aneurysm. 

From  The  Department  of  Medicine,  The  Mount  Sinai  Hospital,  New  York,  New  York. 
*  Trainee  National  Institute  of  Arthritis  and  Metabolic  Diseases.  Present  addres.s, 
State  Universit}'  of  New  York  College  of  Medicine,  Sjracuse,  N.  Y. 
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Case  2 

W.  L.  MSH  %  64481.  This  39  year  old  male  was  first  admitted  to  The  Mount 
Sinai  Hospital  in  April  1956  because  of  epigastric  distress.  The  patient  had  re- 
current renal  calculi  since  1942.  In  1945  he  noted  the  onset  of  an  episodic  epi- 
gastric burning  sensation  relieved  h\  alkali  and  food.  In  1951  hyperparathy- 
roidism was  diagnosed  at  another  institution  and  two  parathyroid  adenomata 
were  removed.  The  patient  subsequently  was  asymptomatic  until  April  1954 
when  he  developed  a  renal  calculus.  In  October  1955  the  epigastric  pain  recurred. 
In  January  1956  a  duodenal  ulcer  was  demonstrated  on  gastrointestinal  series. 

At  the  time  of  his  Mount  Sinai  Hospital  admission,  the  serum  calcium  ranged 
from  12.5  to  15.4  mgm.  per  cent,  serum  pho.sphorus  from  0.8  to  1.4  mgm.  per 
cent,  and  alkaline  phosphatase  from  5.2  to  8.9  King- Armstrong  units.  Urine 
calcium  excretion  Avas  400  mgm.  per  24  hours  on  a  Bauer- Aub  diet.  Gastroin- 
testinal series  revealed  radiating  folds  in  the  duodenal  bulb  \\ith  a  persistent 
patch  of  barium.  A  large  parathyroid  adenoma  was  removed  from  the  anterior 
mediastinum  in  May  1956.  Post  operative  course  was  uneventful  A^dth  normal 
calcium  and  pho.sphorus  values.  Xo  information  is  available  concerning  ulcer 
symptoms  since  parathyroidectomy. 

Comments:  The  multiple  parathyroid  adenomata  were  an  interesting  facet  of 
this  ca.se.  Woolner  et  al  (1)  reported  multiple  adenomata  in  8  per  cent  of  cases 
of  primary  hyperparathyroidism.  It  is  also  of  interest  to  note  what  appears  to 
be  a  direct  relationship  between  the  ulcer  symptoms  and  parathyroid  overac- 
ti\dty. 

Case  3 

G.  S.  MSH  #80258.  This  47  year  old  female  entered  The  Mount  Sinai  Hos- 
pital in  March  1957  becau.se  of  epigastric  pain.  The  patient  first  noted  transient 
episodes  of  abdominal  pain  in  1931.  Several  j^ears  later  a  duodenal  ulcer  was 
demon-strated  by  x-ray.  In  January  1957,  severe  epigastric  pain  developed, 
radiating  to  the  back.  This  was  accompanied  by  episodes  of  nocturnal  vomiting. 

In  1947  and  again  in  1952,  the  patient  experienced  severe  left  flank  pain 
radiating  to  the  groin.  Renal  calculi  were  suspected  but  no  roentgenographic 
studies  were  performed. 

In  1951  a  swelling  of  the  right  wrist  appeared,  and  the  following  year  a  cyst 
was  removed  from  the  os  hamatum  which  on  microscopic  examination  was  a 
giant  cell  tumor. 

Examination  in  ]\Iarch  1957  revealed  a  2  cm.  non-tender  nodule  in  the  left 
lobe  of  the  thyroid.  Serum  calcium  ranged  from  11.9  to  13.7  mgm.  per  cent, 
serum  phosphorus  from  1.2  to  4.2  mgm.  per  cent,  and  alkaline  phosphatase  from 
5.9  to  9.1  King- Armstrong  units.  The  24  hour  urine  calcium  excretion  on  a 
Bauer- Aub  diet  was  111.5  mgm.  Intravenous  pyelogram  was  normal.  Bone  x-rays 
revealed  some  demineralization  but  no  lesions  characteristic  of  hyperparathy- 
roidism. A  markedly  deformed  duodenal  bulb  with  a  persistent  patch  of  barium 
representing  an  ulcer  crater  was  visualized  on  roentgenograms.  In  May,  a  left 
hemithyroidectomy  was  performed.  The  excised  specimen  contained  a  cystic 
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parathyroid  adenoma.  Post  operati\e  serum  calcium  levels  were  normal.  The 
patient  had  no  post  operative  gastrointestinal  symptoms  as  of  December  1957. 

Comments:  Symptoms  of  duodenal  ulcer  preceded  the  probable  renal  calculus 
by  10  years  and  preceded  the  definitive  diagnosis  of  hyperparathyroidism  by 
26  years.  Since  there  was  no  evidence  of  intestinal  obstruction  on  x-ray  exami- 
nation, the  persistent  vomiting  at  the  time  of  admission  was  probably  due  to 
hypercalcemia  per  se.  As  in  case  2,  the  patient's  severe  ulcer  symptoms  cleared 
dramatically  after  parathyroidectomy. 

This  patient  had  a  palpable  hj^perfunctioning  intrathyroid  parathyroid  ade- 
noma. Aberrant  intrathyroid  parathyroid  tumors  have  been  reported  in  3  to  5 
per  cent  of  cases  of  hyperparathyroidism  (2,  3).  Balch  et  al  (4)  reported  2  cases 
of  clinically  palpable  intrathyroid  parathyroid  adenomata. 

Case  4 

J.  S.  MSH  *  608853.  This  46  year  old  female  was  first  seen  at  The  IMount 
Sinai  Hospital  in  1948  with  a  history  of  renal  calculi  for  20  years  eventuating  in 
a  left  nephrectomy.  For  ten  years  she  had  intermittent  epigastric  discomfort 
relieved  by  sodium  bicarbonate.  There  was  no  history  of  excessive  milk  inges- 
tion. In  1949  x-rays  revealed  a  definite  ulcer  crater.  Bone  x-rays  were  normal. 
In  1949  blood  urea  nitrogen  was  33  mgm.  per  cent,  serum  calcium  12.6  to  13.8 
mgm.  per  cent,  serum  phosphorus  2.0  to  2.6  mgm.  per  cent.  On  a  Bauer-Aub 
diet,  the  72  hour  urinary  calcium  excretion  was  586  mgm.  Parathyroidectomy 
was  advised  but  refused.  Progressive  uremia  developed  and  the  patient  died  in 
1950.  No  post-mortem  examination  was  performed. 

G.\STROINTESTIX.\L    MAXIFESTATIOXS    OF    PRIMARY  HY'PERPARATHYROIDISM. 

One  of  the  earliest  reported  cases  of  primary  hyperparathyroidism  (5)  had 
severe  attacks  of  abdominal  pain  and  vomiting  occurring  every  three  weeks  in 
addition  to  constipation  of  five  years  duration.  The  symptoms  disappeared 
promptly  after  parathyroidectomy.  Gastrointestinal  symptoms  in  primary 
hyperparathyroidism  were  first  emphasized  in  1934  by  Gutman,  Swenson,  and 
Parsons  (6).  In  their  review  of  119  cases  of  hyperparathyroidism  they  noted 
skeletal  and  renal  symptoms  to  be  the  most  common  initial  and  late  findings 
in  the  disease.  However,  anorexia,  nausea,  vomiting  and  epigastric  pain  were 
major  initial  .symptoms  in  13  per  cent  of  the  cases  and  major  late  symptoms  in 
26  per  cent  of  cases.  The.se  authors  noted  that  gastrointestinal  .symptoms  may 
dominate  the  clinical  picture  to  the  extent  of  suggesting  duodenal  ulcer  or  acute 
appendicitis.  Rogers  reported  the  first  three  cases  of  coexistent  hj^perparathy- 
roidism  and  duodenal  ulcer  in  1946  and  1947  (7,  8).  Black  noted  in  a  review  of 
patients  with  hyperparathyroidism  at  the  Mayo  Clinic  that  "24  per  cent  of 
patients  with  proved  hyperparathyroidism  have  at  the  time  of  examination,  or 
had  had  in  the  past,  objective  evidence  of  peptic  ulcer  or  had  had  operations  on 
the  stomach  presumably  because  of  ulcer.  An  additional  15  or  20  per  cent  of  pa- 
tients had  some  ulcer-like  symptoms  but  an  ulcer  had  never  been  pro\'ed"  (9). 
Howard  et  al.,  stated  that  15  per  cent  of  cases  of  primary  hyperparathyroidism 
reviewed  at  Johns  Hopkins  Hospital  were  complicated  by  peptic  ulcer  (10).  St. 
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Gear  reviewed  137  case  records  of  hyperparathyroidism  from  Massachusetts 
General  Hospital  and  found  roentgenographically  demonstrable  peptic  ulcers  in 

12  patients  (11).  Five  additional  patients  had  clinically  evident  peptic  ulcers 
without  x-ray  confirmation.  Hellstrom's  review  revealed  that  hyperparathy- 
roidism was  complicated  by  peptic  ulcer  in  seven  of  fifty  patients  (12).  Twelve 
of  the  27  patients  reviewed  by  Bogdonoff  et  al  had  gastrointestinal  symptoms 
of  severe  enough  degree  to  warrant  detailed  comment  in  the  clinical  histories 
(13).  In  St.  Goar's  most  recent  review  (14)  of  45  cases  of  hyperparathyroidism 
at  Presbyterian  Hospital,  New  York,  peptic  ulcers  were  demonstrated  in  four 
cases  and  gastrointestinal  symptoms  were  prominent  in  16  cases.  The  gastro- 
intestinal symptoms  noted  percentagewise  in  this  series  were  constipation  29 
per  cent,  nausea  or  vomiting  20  per  cent,  anorexia  16  per  cent,  epigastric  pain 

13  per  cent,  diarrhea  4  per  cent,  and  right  upper  quadrant  post  prandial  distress 
2  per  cent. 

In  the  majority  of  cases  of  peptic  ulcer  complicating  hyperparathyroidism  the 
ulcer  is  duodenal,  but  gastric  and  esophageal  ulcers  have  been  reported.  Elkeles 
described  a  case  of  primary  hyperparathyroidism  associated  with  duodenal  and 
gastric  ulceration  (15),  and  Berlin  reported  a  case  complicated  by  ulceration  of 
the  duodenum  and  eosophagus  (16). 

Most  cases  of  coexistent  ulceration  and  hyperparathyroidism  occur  in  the 
middle  and  older  age  groups.  However  Tsumori  et  al.,  described  a  case  where 
the  association  existed  in  a  child  ten  years  of  age  (17). 


Primary  Hyperparathyroidism  Associated  with  Proven  Peptic  Ulcer 


Male 

Female 

Associated  peptic  ulcer 

Total  cases 

Associated  peptic  ulcer 

Total  cases 

Source 

8 

39 

4 

98 

(11) 

5 

17 

2 

33 

(12) 

3 

16 

1 

29 

(14) 

2 

11 

2 

26 

MSH 

Total      18  (22%) 

83 

9  (5%) 

186 

As  noted  in  the  accompanying  chart,  females  with  primary  hyperparathy- 
roidism outnumber  males  in  the  ratio  of  2.2  to  1.  Nevertheless,  hyperparathy- 
roidism in  the  male  is  complicated  by  peptic  ulcer  twice  as  frequently  as  in  the 
female.  These  figures  emphasize  the  high  relative  incidence  of  peptic  ulcer  in 
males  with  hyperparathyroidism.  The  actual  per  cent  incidence  in  males  and 
females  with  hyperparathyroidism  is  undoubtedly  even  greater  since  x-ray 
confirmation  cannot  always  be  obtained  in  patients  with  clinically  evident 
peptic  ulcers. 

Statistics  concerning  the  incidence  of  peptic  ulcer  in  the  general  population 
are  variable,  depending  on  when  and  where  the  figures  originate  and  whether 
they  are  based  on  x-ray  or  post-mortem  examinations.  Roentgenologic  data 
cannot  be  used  to  determine  with  accuracy  the  percentage  of  people  in  the  gen- 
eral population  with  peptic  ulcer  since  an  unknown  number  with  peptic  ulcer 
are  never  examined  roentgenologically.  The  most  valid  comparison  which  could 
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bo  drawn  regarding  the  iiicuionce  of  peptic  ulcer  in  hyperparathyroidism  and 
in  the  general  population  would  he  based  on  the  post-mortem  incidence  of  peptic 
ulcers  in  each  group.  The  small  number  of  autopsied  hyperparathyroid  patients 
with  peptic  ulcer  precludes  this  comparison.  Th(>  only  comparison  that  may  be 
drawn,  therefore,  is  between  the  incidence  of  peptic  ulcer  in  hyperparathyroidism 
based  largely  on  x-ray  findings,  and  the  incidence  in  the  general  population 
based  on  post-mortem  findings.  The  pitfall  in  this  comparison,  aside  from  the 
fact  that  x-ray  confirmation  of  peptic  ulcer  cannot  always  be  obtained,  is  that 
the  autopsy  figures  reveal  a  highei-  incidence  of  ulcers  than  would  x-ray  data 
since  autopsy  study  undoubtedly  includes  ca.ses  without  significant  clinical 
symptoms  and  who  would  therefore  not  ha\'e  had  x-ray  examinations.  It  has 
been  estimated  on  the  basis  of  post-mortem  findings  that  approximately  ten 
per  cent  of  all  persons,  with  a  sex  incidence  of  four  males  to  one  female,  suffer 
at  some  time  in  their  lives  from  chronic  gastric  or  duodenal  ulcers  (18).  It  follows 
from  these  figures  that  Ki  per  cent  of  males  and  four  per  cent  of  females  in  the 
general  population  are  so  afflicted  at  some  time  in  their  lives.  With  the  above 
reservations  in  mind,  these  figures  are  to  be  contrasted  with  the  hyperpara- 
thyroid group  in  which  22  per  cent  of  males  and  five  per  cent  of  females  had 
coexistent  peptic  ulcers.  It  has  previously  been  concluded  that  peptic  ulcer 
complicates  primary  hyperparathyroidism  too  frecjuently  for  coincidence  (19,  20). 

Gastrointestinal  symptoms  in  hyperparathyroidism,  whether  or  not  associ- 
ated with  demonstrable  peptic  ulcer,  have  markedly  improved  almost  without 
exception  after  parathyroidectomy  (6,  11,  21).  In  the  few  patients  whose  gastro- 
intestinal symptoms  have  not  cleared  after  parathyroidectomy,  other  adenomata 
have  been  postulated  (14).  The  medical  treatment  of  peptic  ulcer  complicating 
hj'perparathyroidism  has  the  inherent  danger  of  precipitating  acute  parathy- 
rotoxicosis  and  of  calcium  salt  deposition  in  the  urinary  tract.  Both  of  Rogers' 
original  cases  (7)  died  of  hypercalcemia  apparently  secondary  to  high  calcium 
diets  prescribed  in  treatment  of  the  duodenal  ulcers. 

THEORIES  RELATI.VG  HVPERPAKATHYROIDISM  AXD  GASTROIN'TESTIXAL 

COMPLICATION'S. 

Several  theories  have  been  advanced  to  account  for  the  relationship  between 
hyperparathyroidism  and  gastrointestinal  symptoms,  particularly  peptic  ulcera- 
tion. 

A.  The  parathormone  theory.  Schiffrin  (22)  performed  dog  experiments  in 
which  he  injected  parathormone  in  amounts  sufficient  to  increa.se  serum  calcium 
approximately  two  mgm.  per  cent.  In  the  animals  with  innervated  pouches 
there  was  an  increased  gastric  pepsin  concentration  with  a  decreased  total 
volume  and  acidity  in  response  to  test  meals  and  histamine.  In  dogs  with  de- 
nervated  pouches,  there  was  an  increased  gastric  volume  and  acidity  with  no 
change  in  pepsin  concentration  under  otherwise  similar  conditions.  Rutishauser 
and  Majno  injected  large  doses  of  parathormone  into  dogs  and  noted  .subse(iuent 
edema,  necrosis  and  calcification  of  the  glands  of  the  gastric  fundas  (23).  Simul- 
taneously there  was  a  sharp  rise  in  serum  pepsinogen  levels.  Engel  injected  rats 
with  parathormone  and  noted  a  .sub.setiuent  rise  in  .serum  mucoprotein  levels 
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(24).  This  may  ha\  e  resulted  from  a  breakdown  of  the  gastrointestinal  mucosa 
as  well  as  the  ground  substance  of  bone  and  cartilage.  However,  no  microscopic 
studies  were  done  on  the  gastrointestinal  mucosa.  Sodeman  and  Williams  favor 
the  theory  that  the  parathyroid  hormone  has  a  proteolytic  action  which  may 
account  for  the  peptic  ulcers  as  well  as  the  marked  muscle  weakne.ss,  fatigue, 
apathy  and  weight  loss  of  hyperparathyroidism  (25,  26). 

B.  The  genetic  or  constitutional  theory.  St.  Goar  states  that  since  there  is  no 
clear-cut  cause  and  effect  relation.ship  between  hyperparathyroidism  and  peptic 
ulceration,  it  is  possible  that  both  di.sea.ses  are  manifestations  of  some  more 
basic  abnormality  (11).  Underdahl  et  al.,  reported  eight  cases  of  multiple  endo- 
crine adenomata  involving  the  parathyroids,  pituitary  and  pancreatic  islet 
cells  (27).  Three  of  the  eight  cases  were  complicated  by  peptic  ulcers.  Wermer 
reported  a  family  in  which  the  father  and  four  of  nine  siblings  were  affected  by 
multiple  adenomata  of  the  .same  glands  (28).  Of  the  five  affected,  peptic  ulcers 
were  present  in  four.  The  author  suggests  that  the  entire  .syndrome  is  a  manifes- 
tation of  an  abnormal  gene. 

C.  The  hypercalcemia  theory.  It  is  generally  accepted  that  the  hypercalcemia 
per  se  of  primarj^  hyperparathyroidism  may  cau.se  anorexia,  nausea,  vomiting 
and  constipation  (29).  These  symptoms  are  a  result  of  the  decreased  neuro- 
muscular excitability  and  tone  of  the  upper  and  lower  gastrointestinal  tract. 
These  gastrointestinal  .sj'mptoms  may  be  present  when  hypercalcemia  occurs  in 
diseases  other  than  hyperparathyroidism.  Hypercalcemia  has  been  implicated 
as  a  possible  cau.se  of  peptic  ulcer  in  hyperparathyroidism  since  the  sluggishness 
of  the  gaistrointestinal  tract  in  hypercalcemia  may  prevent  healing  of  what 
would  otherwise  be  subclinical,  spontaneously  healing  ulcers  (11). 

Xone  of  the  above  theories  is  completely  satisfactory,  and  it  remains  for  future 
study  to  clarify  the  exact  nature  of  the  relationship  between  hyperparathyroidism 
and  peptic  ulceration. 

SUMMARY 

The  literature  and  the  experience  at  The  Mount  Sinai  Hospital  have  been  re- 
viewed in  regard  to  the  gastrointestinal  complications  of  primary  hyperpara- 
thyroidism. The  fact  that  males  with  hyperparathyroidism  have  a  much  higher 
incidence  of  peptic  ulcer  than  females  has  been  noted.  The  difficulty  of  comparing 
the  incidences  of  peptic  ulcer  in  the  hyperparathyroid  group  and  in  the  general 
population  has  been  discussed.  Finally,  the  theories  relating  the  two  diseases 
have  been  presented. 
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RECURRENT  HE:\IATEMESIS  AND  JAUNDICE  FOLLOWING 
SPLENORENAL  SHUNT 


A  Cli.vical  Pathological  Coxferexce 

Edited  By 
ALEXANDER  RICHMAX,  M.D. 

A  51  year  old  white  housewife,  was  admitted  to  The  Mount  Sinai  Hospital  in 
May,  1950  because  of  hematemesis  on  three  occasions  in  the  preceding  eighteen 
months,  and  again  on  the  da.v  of  admission.  One  month  before  a  bleeding  incident 
had  occurred  at  which  time  esophageal  varices  had  been  demonstrated  by  x-ray 
at  another  hospital  but  were  not  seen  on  endoscopy. 

In  1940,  following  several  attacks  of  biliary  colic  and  one  day  of  jaundice 
without  chills  or  fever,  a  cholecystectomy  was  performed  for  chronic  cholecys- 
titis and  stones.  In  1946,  .she  had  a  hy.sterectomy  for  fibroids;  she  had  three 
normal  pregnancies  during  earh'  married  life.  She  was  of  Italian  extraction  but 
born  in  the  United  States.  Her  father  and  two  brothers  had  diabetes  but  she 
was  not  diabetic.  There  was  no  history  of  hepatitis  or  other  serious  illnesses 
and  .she  did  not  smoke  or  drink. 

The  patient  was  obese,  not  icteric,  and  in  no  acute  distre.ss.  No  spider  angi- 
omata  were  seen.  The  temperature  was  100°  F.;  B.P.  116/80.  No  lymph  nodes 
were  felt.  The  lungs  were  clear.  The  heart  was  not  enlarged,  rate  was  108  per 
minute  and  rhythm  was  regular.  A  soft  dia.stolic  murmur  with  pre.sy.stolic  ac- 
centuation was  present  at  the  apex.  Inspection  of  the  abdomen  showed  two 
operative  scars.  There  were  no  dilated  veins.  The  liver  was  palpable  four  finger- 
breadths  below  the  right  costal  margin,  and  was  smooth.  The  spleen  was  pal- 
pable one  inch  below  the  left  costal  margin.  There  was  no  edema  or  cyanosis  of 
the  extremities. 

Laboratory  studies  were  as  follows:  hemoglobin,  8  gm.  per  cent;  RBC,  2.7 
million  per  cu.  mm.;  WBC,  7,000  per  cu.  mm.;  total  serum  bilirubin,  1.2  mg. 
per  cent;  cephalin  flocculation,  2  plus;  thymol  turbidity,  3  plus;  albumin,  2.6 
gm.  per  cent;  globulin,  4.8  gm.  per  cent;  alkaline  phosphatase,  42  King- Arm- 
strong units;  prothrombin  time,  12.5  seconds  with  a  control  of  12;  BL'N,  26 
mg.  per  cent;  BSP  retention,  48  per  cent  in  one  hour.  The  urine  showed  no 
sugar  or  albumin.  Chest  x-ray  and  electrocardiogram  .showed  no  abnormalities. 

Transfu.sions  were  given  and  the  bleeding  stopped.  Esophagram  showed 
varices  at  the  lower  end  of  the  esophagus.  Bleeding  recurred  one  month  later 
and  was  controlled  by  a  Sengstaken-Blakemore  balloon  and  tran.sfusions.  Two 
months  after  admission,  a  splenorenal  shunt  was  carried  out,  with  splenectomy. 
The  portal  pressure  was  265  millimeters  of  water.  The  liver  was  moderately 
enlarged,  and  the  spleen  was  three  times  normal  size.  Dilated  collateral  veins 
were  present.  After  the  operation,  .she  became  mildly  icteric,  the  serum  bilirubin 
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risino-  to  2.8  m^.  por  cent,  ami  alkalino  ph()s])hatas('  to  !)1  King-Armstroii}?  units. 
A  low  grade  tVvor  responded  to  antihiotics.  .V  left  pleural  elfusioii  was  tapped, 
yielding  180  cc.  of  sterile  anilxM-  fluid.  Additional  blood  studies  were  r(>ported 
as:  cephalin  Hocculation,  2  plus;  thymol  turbidity,  1  plus;  alhuniin,  2.4  gni. 
per  eent;  globulin,  4.2  gm.  per  cent;  and  cholesterol,  2(10  nig.  per  cent  with 
esters  of  Kit)  nig.  per  cent. 

Nine  months  later,  in  April  \\)')\,  .she  was  readniitt(Hl  for  study.  She  had  felt 
well  except  for  ea.sy  fatigue  and  severe  skin  itching,  which  had  begun  shortly 
after  the  operation.  Slu>  wa.s  icteric,  her  skin  had  become  darker,  and  numerous 
scratch  marks  were  pre.-^ent.  The  liver  had  not  changed  in  size  or  consistency. 
The  serum  bilirubin  was  2  mg.  per  cent;  alkaline  phosphatase,  7()  King-Arm- 
strong units;  cephalin  flocculiition ,  o  plus;  thymol  turbidity,  24.7  units;  pro- 
thrombin time,  17  seconds  with  a  control  of  12  seconds;  albumin,  3.G  gm.  per 
cent;  globulin,  5  gm.  per  cent;  B8P,  43  per  cent  retention  in  one  hour.  Barium 
meal  revealed  no  change  in  the  number  and  size  of  the  esophageal  varices. 

On  her  third  admi.ssion,  June  21,  1951  to  Augu.st  4,  1951,  .she  complained  of 
chills,  fever,  cough  and  substernal  di.scomfort  for  two  weeks.  There  had  been 
no  gastrointestinal  bleeding  since  the  operation.  The  temperature  was  102°  F. 
The  sclerae  were  icteric.  Pigmentation  of  the  skin  and  scratch  marks  were 
present.  Spider  angiomata  were  seen  for  the  first  time  on  the  face  and  arms. 
Palmar  erythema  was  seen.  Fine  rales  were  heard  over  the  right  posterior  chest. 
Diminished  bronchial  breathing  was  pre.sent  in  the  left  lung  base.  The  heart  was 
enlarged  to  al)out  an  inch  bej^ond  the  midclavicular  line.  A  mitral  diastolic 
murmur  with  presystolic  accentuation  was  heard.  The  li\'er  was  six  finger- 
breadths  below  the  co.stal  margin  but  there  was  no  edema.  A  positive  hepato- 
jugular  reflux  was  obtained.  X-ray  of  the  chest  revealed  marked  congestion  of 
both  lungs  and  pleural  effusions  on  both  sides.  There  was  considerable  enlarge- 
ment of  the  heart  in  all  dimensions.  Electrocardiogram  showed  low  T  waves  in 
the  standard  leads,  and  slight  elevation  of  ST2,  suggesting  myocardial  or  peri- 
cardial involvement.  Hemoglobin  was  12.8  gm.  per  cent;  WBC,  11,850  per  cu. 
mm.  with  a  .slight  shift  to  the  left;  sedimentation  rate,  101  mm.  in  one  hour; 
urinary  urobilinogen,  1 :80;  BUN,  11  mg.  per  cent;  fa.sting  blood  sugar,  135  mg. 
per  cent;  albumin,  2.4  gm.  per  cent;  globulin,  4.9  gm.  per  cent;  bilirubin,  2.7 
mg.  per  cent;  alkaline  phosphatase,  74  King-Arm.strong  units;  cephalin  floccula- 
tion,  3  plus;  th\'mol  turbidity,  9.0;  cholesterol,  538  mg.  per  cent. 

Twenty-five  cubic  centimeters  of  cloudy  amber  fluid  withdrawn  from  the 
left  chest  showed  17  per  cents  polys,  83  per  cent  round  cells,  and  numerous 
red  cells.  Xo  organisms  were  found  on  smear  and  guinea  pig  inoculation,  nor 
were  aiw  tumor  cells  seen  on  cell  block.  Pericardial  tap  produced  325  cc.  of  blood 
tinged  fluid  which  revealed  16  per  cent  lymphocytes,  82  per  cent  polys,  and  2 
per  cent  bands  on  smear.  Again,  no  organisms  were  obtained  on  smear  and  guinea 
pig  inoculation.  The  response  to  penicillin,  aureomycin  and  terramycin  was 
slow,  and  a  low  grade  fever  persisted  for  several  weeks  until  just  before  dis- 
charge. Blood  cultures  were  sterile,  cold  agglutinins  w-ere  less  than  1:5,  and 
heterophile  agglutination  was  1:5G.  Antifibrinolysin  titer  was  negative. 
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She  returned  home  and  continued  to  complain  of  fatigue  and  skin  itching. 
Her  appetite  was  poor  and  she  had  considerable  distress  after  eating.  She  had 
lost  about  15  pounds.  Her  urine  was  dark  and  the  stools  were  pale.  In  1954  she 
vomited  a  small  cjuantity  of  blood  and  passed  a  tarry  stool.  She  was  treated  at 
home.  Three  days  before  admission  on  October  5,  1955  she  again  vomited  blood 
and  noted  tarry  stools.  On  examination  she  appeared  chronically  ill.  Her  skin 
had  become  much  darker.  Xanthelasma  was  .seen  on  both  upper  eyelids.  Spider 
angiomata  were  not  present.  Dullness  and  diminished  breath  .sounds  were 
present  at  the  left  lung  base.  The  heart  was  enlarged  and  apical  murmurs  were 
heard  as  on  the  previous  admis.sions.  The  liver  edge  was  three  finger-breadths 
below  the  costal  margin. 

The  urine  showed  no  sugar  or  albumin.  Urobilinogen  was  1 : 20  but  no  bilirubin 
was  demonstrated.  Hemoglobin  12.9  gm.  per  cent;  WBC,  11,250  per  cu.  mm.; 
FBS,  154  mg.  per  cent;  albumin,  3.3  gm.  per  cent;  globulin,  3.3  gm.  per  cent; 
bilirubin,  4.2  mg.  per  cent;  cholesterol,  300  mg.  per  cent  (esters,  201  mg.  per 
cent);  alkaline  phosphatase,  54  King- Armstrong  units;  cephalin  flocculation,  3 
plus;  prothrombin  time,  14  seconds  with  control  of  12.  Studies  of  the  blood 
proteins  revealed  a  lowered  serum  mucoprotein  of  30  mg.,  low  alpha  1-  globulin 
of  3.6  units  and  elevated  gamma  globulin  of  25.5  units. 

Chest  x-ray  revealed  a  left  pleural  effu.sion  and  an  enlarged  diameter  of  the 
heart.  Barium  meal  disclosed  persistence  of  the  eosphageal  varices.  Intravenous 
cholografin  test  showed  no  dye  in  the  biliary  ducts. 

The  bleeding  was  controlled  by  Sengstaken-Blakemore  tube  and  tran.sfusions. 
She  was  discharged  thirty-seven  days  after  admission  and  advised  to  return  for 
a  portocaval  .shunt. 

She  returned  four  weeks  later  for  her  fifth  admission  again  because  of  hema- 
temesis  and  melena.  Significant  changes  on  physical  examination  included  a 
blood  pressure  of  190/100,  the  presence  of  auricular  fibrillation  and  congestive 
heart  failure. 

The  total  serum  bilirubin  was  now  5.2  mg.  per  cent  and  2.9  mg.  per  cent 
prompt  direct  in  1  minute;  cholesterol,  340  mg.  per  cent  (esters,  296  mg.  per 
cent);  cephalin  flocculation,  2  plus;  alkaline  phosphatase,  43  King-Armstrong 
units;  albumin,  3.5  gm.  per  cent;  globulin  4.4  gm.  per  cent.  Again  the  esophageal 
balloons  were  used  and  transfusions  given.  Digitalis  was  added.  On  the  third 
day,  she  became  stuporous  and  lapsed  into  coma.  Increased  deep  reflexes  in  the 
right  upper  and  lower  extremities  were  associated  with  a  right  Babinski  and 
right  ankle  clonus.  She  expired  shortly  after  the  onset  of  respiratory  difficulty. 

DK.  ALEX.\XDEIl  B.  GUTMAX:  Today's  case  affords  an  excellent  op- 
portunity to  consider  the  differential  diagnosis  of  cirrhosis,  and  I  hope  that,  as 
the  clinical  story  unfolds,  you  will  be  thinking  about  the  more  important  forms 
of  cirrhosis.  These  include  Laennec's  cirrhosis,  postnecrotic  cirrhosis,  the  cholan- 
giolitic  form  or  primary  biliary  cirrhosis,  and  the  secondary  biliary  cirrhosis 
which  follows  obstruction  of  the  extrahepatic  biliary  tract. 

The  patient  was  a  fifty-one  year  old  housewife,  first  seen  at  The  ]\Iount  Sinai 
Hospital  in  1950,  when  she  entered  because  of  vomiting  of  blood.  Her  past 
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history  is  int'onnativo.  In  1940,  at  thv  aj^c  ot  41,  a  cholocystcctoiny  was  por- 
formed  for  repeated  attacks  of  right  upper  ((uadrant  ])ain  and  jaundice  of  one 
day  duration.  Xo  chills  or  fever  were  recorded.  At  the  \\me  of  operation  an  in- 
flanunl  gall  bladder  containing  stones  was  renioNcnl.  We  have  no  information  as 
to  whether  or  not  the  connnon  duct  was  explored,  hut  it  is  not  unlikely  that  the 
duet  may  have  been  opened,  in  \  iew  of  the  presence  of  jaundice. 

The  patient  was  of  Italian  stock.  This  is  of  interest  in  view  of  the  high  incidence 
of  portal  or  Laenn(M''s  cirrhosis  in  Italians.  Tiiis  does  not  mean,  however  that 
Italians  do  not  suffer  from  other  forms  of  cirrhosis. 

In  December  1948,  the  first  sign  of  cirrhosis,  namely  hemateme.sis,  appeared 
and  in  the  next  two  years  before  her  admission  here  she  had  three  episodes  of 
massive  bleeding.  We  are  told  that  esophageal  varices  were  demonstrated  on 
one  occasion,  but  e\-en  if  this  is  so,  the  early  onset  of  hematemesis  would  raise 
the  question  of  whether  she  might  not  have  had  a  peptic  ulcer,  which  is  so 
frequently  seen  in  association  with  cirrhosis. 

The  following  negative  points  are  relevant  to  the  differential  diagnosis:  1. 
There  was  no  history  of  alcoholi.sm,  but  the  drinking  of  wine  with  meals  is 
prevalent  among  Italians,  and  presumably  contributes  to  the  high  incidence  of 
Laennec's  cirrhosis  among  them.  2.  There  was  no  history  of  dietary  deficiency, 
and,  in  fact,  the  patient  was  an  obese  person.  3.  There  was  no  history  of  ante- 
cedent liver  disease,  such  as  hepatitis.  4.  There  was  no  story  of  arsphenamine 
injection.  These  were  the  days  before  chlorpromazine  was  introduced. 

On  examination  the  patient  was  not  in  acute  di.stress.  She  was  not  jaundiced. 
Examination  of  the  heart  revealed  signs  of  what  must  be  presumed  to  l)e  mitral 
stenosis  of  rheumatic  origin.  These  signs  persist  all  through  the  history,  which 
continues  for  about  five  years.  Examination  of  the  ai)domen  was  rewarding. 
The  liver  edge  was  felt  four  finger-breadths  below  the  right  costal  margin  and 
the  spleen  was  easily  palpable  two  finger-breadths  Ijelow  the  left  costal  margin. 
She  had  no  spider  angiomata  or  other  superficial  evidences  of  portal  hyperten- 
sion, although  the  hematemesis  and  the  x-ray  evidence  of  esophageal  \'arices 
may  be  taken  as  indications  of  portal  hypertension. 

The  urine  .showed  no  bile.  There  was  a  slight  anemia.  The  white  blood  count 
was  7,000  per  cu.  mm.  with  a  normal  differential.  Electrocardiogram  showed  no 
abnormalities.  The  serum  bilirubin  was  1.2  mg.  per  cent.  There  was  evidence  of 
some  liver  cell  "irritation";  a  cephalin  flocculation  test  was  2  plus,  and  a  thymol 
turbidity  test  3  plus.  An  important  finding  was  a  high  serum  alkaline  phospha- 
tase of  42  King-Armstrong  units  indicating  marked  obstruction  of  the  biliary 
tract.  The  rest  of  the  blood  chemical  studies  were  normal,  except  for  a  bromsul- 
falein  retention  of  48  per  cent  at  the  end  of  one  hour.  The  chest  x-ray  was  nega- 
tive. 

The  clinical  story  .suggests  cirrhosis  of  the  liver  in  an  Italian  woman,  aged 
fifty-one.  Her  .symptoms  included  bleeding  as  evidence  of  portal  hypertension 
and  the  blood  studies  showed  ob.struction  of  the  biliary  tract,  as  reflected  by  the 
high  alkaline  phosphata.se,  and  some  liver  cell  damage  as  indicated  by  the  floc- 
culation and  turbidity  tests. 
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She  was  treated  for  bleeding  in  the  conventional  manner  with  transfusions. 
Subsequent^,  esophagram  confirmed  the  presence  of  large  esophageal  varices. 
Approximately  two  months  after  admission,  a  splenorenal  shunt  was  performed. 
At  operation  the  liver  was  described  as  moderatelj^  enlarged.  There  is  no  mention 
of  nodularity  of  the  liver  or  of  jaundice.  The  portal  pressure  was  increased.  The 
spleen  was  three  times  normal  size  and  had  to  be  removed  in  the  cour.se  of  the 
splenorenal  shunt.  The  pathological  examination  of  the  .spleen,  as  expected, 
showed  the  changes  of  congestive  splenomegal^^ 

She  did  well  except  for  a  small  collection  of  fluid  in  the  left  pleural  space.  There 
was  little  change  in  her  blood  chemical  findings  except  for  a  rise  in  the  serum 
alkaline  phosphatase  to  91  King- Armstrong  units.  The  serum  cholesterol  at 
this  time  was  260  milligrams  per  cent,  of  which  160  mgms.  were  cholesterol 
esters. 

She  was  discharged  from  the  ho.spital  and  apparently  did  very  well.  She  was 
readmitted  ten  months  later  for  re-evaluation.  Her  sclerae  were  now  .slightly 
icteric.  Brownish  pigmentation  was  present  on  the  back,  together  with,  multiple 
skin  excoriations,  indicating  marked  pruritus.  The  liver  was  now  three  finger- 
breadths  below  the  right  costal  margin  and  there  was  some  suggestion  of  a 
pleural  effusion  on  the  left.  On  chemical  examination  of  the  blood  the  previous 
findings  were  substantially  unchanged.  Again  there  was  a  three  plus  cephalin 
flocculation  test  and  the  .serum  globulin  was  conspicuou.sly  high;  .5  grams  per 
cent.  The  presence  of  biliary  tract  obstruction  was  verified  by  the  high  alkaline 
phosphatase.  We  do  not  know  whether  the  obstruction  was  ■Rdthin  the  liver  or 
outside  it,  in  the  extrahepatic  biliarj'-  tract.  Associated  with  the  obstruction 
some  were  indications  of  parenchymal  liver  damage. 

Now  comes  an  ominous  note  in  the  history.  Bilateral  renal  function  was  tested 
with  ureteral  catheters  and  there  was  some  diminution  in  urine  flow  on  the  left 
as  compared  with  the  right.  Also  we  are  beginning  to  get  indications  that  the 
splenorenal  shunt  has  closed;  an  esophagram  again  revealed  varices  which  she 
should  not  have  had  if  the  shunt  were  patent. 

Despite  all  this,  she  did  fairly  well.  In  June  1951,  a  few  months  later,  she 
again  entered  the  hospital,  but  this  time  because  of  some  infection.  I  have 
mentioned  that  she  had  mitral  stenosis,  presumabh'  of  rheumatic  origin  and  this 
episode  may  have  represented  a  flare-up  of  rheumatic  fever,  with  acute  rheu- 
matic carditis  and  a  related  pleural  effusion.  As  far  as  the  liver  is  concerned, 
more  extensive,  diffuse  brownish  pigmentation  of  the  skin  was  noted  and  one 
begins  to  think  of  the  possibility  of  hemochromatosis  although  this  is  very  rare 
in  women.  Again  there  were  scratch  marks.  Spider  angiomata  were  noted  and 
there  were  signs  of  parenchymal  liver  damage.  The  liver  was  now  six  finger- 
breadths  below  the  costal  margin.  There  was  no  edema.  X-ray  of  the  chest  re- 
vealed marked  pulmonary  congestion  and  bilateral  pleural  effusions.  The  elec- 
trocardiogram suggested  pericardial  effusion.  The  blood  cholesterol  had  risen 
to  538  miUigrams  per  cent,  fitting  the  picture  of  biliary  cirrhosis,  and  there  were 
continued  indications  of  liver  cell  damage  with  a  3  plus  cephalin  flocculation 
test. 
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A  left  thoracentesis  yielded  25  c.e.  of  cloudy  ainher  fluid  and  a  pericardial  tap 
produced  325  c.c.  Every  effort  to  find  a  specific  bact(>rial  aj^ent  was  without  re- 
sult. Xo  evidence  of  tuberculosis  was  turned  up.  1  would  guess  that  this  acute 
illness  was  a  rheumatic  or  viral  pericarditis,  with  pleuritis. 

Her  fourth  admission  was  in  1955,  four  years  later.  She  was  now  55  years  old. 
When  we  consider  that  the  onset  of  her  illness  was  in  1948,  with  bleeding  due 
to  esophageal  \  arices,  we  realize  that  this  is  a  rather  prolonged  course  for  a 
patient  with  cirrhosis  under  these  circumstances.  Again,  the  story  is  that  of 
recurring  hematemesis  and  melena.  Xanthelasma  of  the  upper  lids  was  noted 
for  the  first  time,  a  fre(iuent  finding  in  primary  biliary  cirrhosis.  In  addition, 
there  was  generalized  darkening  of  the  skin,  but  not  the  kind  .seen  in  prolonged 
deep  icterus;  this  is  more  like  a  melanin  pigment.  There  are  signs  of  fluid  at  the 
left  base,  and  again  there  are  the  .signs  of  rheumatic  heart  disease. 

The  liver  was  now  a  little  smaller.  It  was  beginning  to  shrink  and  I  think  that 
this  indicates  more  and  more  cellular  damage.  The  blood  chemical  findings  c^heck 
with  the  previous  results.  Her  serum  albumin  remained  very  low  and  the  globu- 
lin was  still  very  high.  The  serum  cholesterol  which  was  over  500  mg.  per  cent, 
was  now  down  to  270  or  .300,  presumably  as  a  result  of  progressi\'e  hepatocellular 
damage.  The  cephalin  flocculation  test  was  still  3  plus. 

While  the  obstructive  element  previou.sly  dominated  the  picture  and  w'as 
still  present,  liver  cell  damage  was  becoming  prominent.  E.sophagram  still  .showed 
varices  in  the  lower  third  of  the  esophagus,  again  indicating  that  the  splenorenal 
shunt  was  inadequate. 

Transfusions  again  controlled  her  bleeding.  By  this  time,  in  \-iew  of  the  evi- 
dence of  closure  of  the  splenorenal  shunt,  her  physicians  made  the  very  serious 
decision  to  perform  a  portocaval  shunt.  She  was  sent  home  to  convalesce,  but 
had  to  return  in  a  short  while  because  of  renewed  bleeding. 

On  this  occasion,  in  December  1955,  she  again  had  signs  of  rheumatic  heart 
disease.  She  was  now  frankly  icteric.  The  .serum  total  bilirubin  was  5.2  milli- 
grams per  cent.  The  .serum  cholesterol  was  340  mg.  per  cent;  esters,  296  milli- 
grams per  cent.  The  cephalin  flocculation  test  was  again  2  plus.  The  serum 
albumin  was  a  little  higher  at  3.2  grams  per  cent.  The  .serum  globulin  was  still 
high. 

She  was  in  congestive  heart  failure  and  .she  was  digitalized.  Again,  attempts 
were  made  to  control  bleeding,  but  apparently  this  time  without  success.  Be- 
cause of  the  continued  bleeding,  hepatic  insufficiency  en.sued  and  she  became 
semi-stuporous  and  comatose.  She  developed  evidence  of  tracheobronchitis, 
reciuired  constant  suctioning,  and  died  in  what  might  be  called  hepatic  failure. 

This  is  a  very  instructive  ca.se.  I  suspect  that  you  have  decided  that  this  is 
not  the  usual  type  of  Laennec's  portal  cirrhosis.  It  is  probably  a  form  of  l)iliary 
cirrhosis,  and  we  shall  have  to  decide  whether  the  biliary  obstruction  is  intra- 
hepatic or  in  the  extrahepatic  biliary  tract. 

The  biliary  tract  obstruction  could  be  extrahepatic.  She  had  had  a  gall  bladder 
operation  and  stones  were  found.  It  is  entirely  possible  that  she  had  a  stone 
impacted  in  her  common  duct,  perhaps  a  stone  which  was  in  a  hepatic  duct  at 
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the  time  of  operation.  It  is  possible  also  that  she  may  have  had  a  common  duct 
stricture,  following  exploration  of  the  common  duct.  I  think,  however,  that  there 
are  some  points  in  her  history  that  argue  against  biliary  cirrhosis  secondary  to 
prolonged  obstruction  of  the  extrahepatic  biliary  tract. 

In  the  first  place,  there  is  a  long  interval  between  her  surgery  in  1940  and  the 
onset  of  symptoms  in  1948.  It  is  difficult  to  conceive  of  a  stone  or  stricture  per- 
sisting all  that  time  without  causing  symptoms  such  as  fever,  chills  or  pain. 
Because  there  were  no  attacks  of  chills  and  fever  throughout  the  course,  and 
there  was  very  little  pain,  I  am  going  to  assume  that  the  source  of  the  obstruction 
is  not  a  stone  or  a  stricture  of  the  common  ducts. 

This  suggests,  then,  that  we  are  dealing  with  primary  cholangiolitic  cirrhosis 
or  w^hat  is  known  as  primary  biliary  cirrhosis.  This  is  a  disease  which  occurs 
particularly  in  females,  in  the  forty  to  fifty  age  period,  and  is  characterized  by 
an  insidious  and  prolonged  course  without  much  jaundice.  There  is  u.sually  severe 
pruritus,  even  with  little  jaundice.  There  is  increased  serum  alkaline  phosphatase 
and  a  high  serum  cholesterol.  Skin  pigmentation  occurs  frequently.  The  liver  is 
large  and  firm.  It  is  not  grossly  nodular,  as  in  Laennec's  cirrhosis.  Portal  hyper- 
tension may  develop,  usually  not  4s  early  as  in  this  case  unless  we  assume  that 
the  disease  was  present  for  some  years  before  1948.  The  biliary  obstruction  is 
characterized  by  cholestasis,  bile  duct  proliferation,  "cholangiolitis"  and  peri- 
portal infiltration.  As  the  disease  progresses,  one  sees  more  and  more  liver  cell 
necrosis  and  connective  tissue  replacement. 

I  would  guess  that  the  splenorenal  shunt  is  no  longer  patent  and  that  there  is 
a  thrombosis  of  the  splenic  vein  at  the  site  of  the  shunt.  Extensi\'e  ^■arices  should 
be  present  at  post  mortem  as  an  indication  of  portal  hypertension.  I  would  ex- 
pect that  there  would  be  evidence  of  rheumatic  heart  disease,  specifically  of  the 
mitral  valve,  and  of  an  old  pericarditis.  I  have  no  good  explanation  for  the  re- 
current left  sided  pleural  effusion;  this  may  be  related  to  the  rheumatic  state 
or  it  may  be  an  expression  of  congestive  failure. 

DR.  HAXS  POPPER:  The  surgical  specimen  of  the  spleen  was  available. 
The  record  .states  that  it  was  about  three  times  normal  size.  The  architecture  of 
the  spleen  (Fig.  1)  appears  well  preserved.  The  follicles  are  normal.  There  is 
considerable  hyperemia,  but  I  would  not  suspect  the  presence  of  portal  hyper- 
tension. A  connective  tissue  stain  (Fig.  2)  shows  an  increase  in  fibrous  tissue. 
This  is  the  picture  of  an  early  stage  of  fibro-congestive  splenomegaly,  which  has 
been  so  well  described  by  Dr.  Moschcowitz  of  this  institution. 

The  skin  shows  an  increase  in  melanin  in  the  basal  layer,  a  characteristic 
change.  We  really  do  not  know  the  nature  of  this  pigment  which  leads  to  the 
brownish  discoloration.  There  is  no  iron.  We  cannot  state  whether  we  are  dealing 
with  an  increased  amount  of  melanin,  or  with  a  melanin-like  substance  of  other 
biochemical  origin,  possibly  derived  from  the  porphyrin  series  of  pigments.  The 
skin  also  shows  a  dermatitis  or  dermatosis.  Thus,  there  are  two  skin  manifesta- 
tions, an  excessive  pigmentation  and  a  dermatitis. 

The  heart  is  enlarged,  weighing  350  grams.  There  is  marked  hypertrophy  of 
the  right  chamber.  There  is  thickening  and  irregularity  of  the  tricuspid  valve, 
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Fig.  1.  Spleen  (H  tV;  K)  .Noimul  aichitecttiie  is  noted  witli  lynii)h(;id  loUicles  preserved 
and  hyperemia  of  pulp. 


Fig.  2.  Spleen  (Connective  tissue  staiiij  Moderate  interstitial  fihiosis  with  dihited 
empty  sinusoids. 

which  sugge.st.s  a  rheumatic  origin.  The  protocol  .states  that  there  is  some  vascu- 
larization indicating  an  old  process.  The  left  ventricle  is  relatively  small.  The 
mitral  valve  is  markedly  stenotic  and  the  record  states  that  it  admits  only  the 
tip  of  the  little  finger,  and  that  there  is  some  fusion  of  the  leaflets.  The  micro- 
scopic .section  shows  a  deformity  of  the  mitral  valve  with  scarring,  and  fibrotic 
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narrowing,  but  there  are  no  acute  rheumatic  changes.  The  endocardium  is 
thickened  with  no  acute  change.  The  heart  muscle  shows  extensive  fibrosis,  ar- 
ranged in  spindle-shaped  manner.  There  is  an  interstitial  myocarditis  involving 
different  areas  of  the  myocardium  and  which  has  probably  contributed  to  her 
death.  Is  this  just  an  interstitial  myocarditis,  or  are  the  heart  muscle  fibres  in- 
volved? Another  view  shows  that  the  muscle  fibres  are  broken  down.  This  is 
probably  a  myocarditis  which  could  be  caused  by  obstruction  of  a  \'essel,  pos- 
sibly by  bacteria. 

The  lung  shows  a  pleurisy  and  a  significant  thickening  of  the  alveolar  septum. 
There  is  a  pneumonia,  a  terminal  event.  There  is  an  extensive  diffu.se  fibrosis 
involving  the  entire  alveolar  septum.  Very  few  of  the  smaller  septa  are  in^-olved. 
This  picture  can  occur  without  c3^anosis,  and  the  patient  was  not  cyanotic.  The 
blood  ves.sels  are  not  diseased,  but  there  is  some  perivascular  fibrosis.  I  would 
sa\^  that  this  is  the  picture  of  pulmonarj^  fibrosis. 

The  pancreas,  which  is  always  interesting  in  cirrhosis,  shows  some  irritative 
phenomena,  but  no  definitive  changes. 

The  esophagus  .shows  varices  in  the  lower  third.  There  are  also  varices  in  the 
cardiac  portion  of  the  stomach.  There  is  also  a  mild  esophagitis. 

The  liver  is  small,  weighing  1100  grams.  The  cap.sule  is  not  thickened.  The 
cut  surface  shows  some  distortion  of  the  architecture.  We  have  to  rely  on  the 
autopsy  record  for  a  report  of  the  .state  of  the  extrahepatic  biliarj^  tract.  This 
states  that  the  common  bile  duct  is  slightly  dilated,  but  that  there  is  no  e^-idence 
of  biliary  ob.struction.  There  is  no  scarring  or  stricture,  and  no  evidence  of  an 
extrahepatic  biliary  obstruction.  On  gross  inspection,  we  would  not  call  this  a 
cirrhotic  liver,  but  we  would  have  to  say  that  there  is  distortion  of  the  lobular 
architecture. 

The  original  section  (Fig.  3)  shows  some  septa  extending  throughout  the 
liver  and  contributing  to  some  irregularity.  The  lobular  architecture  is  intact, 
except  for  .septa  which  extend  through  the  liver  like  the  fingers  of  a  hand.  There 
is  increa.sed  activitj^  in  the  portal  tract,  but  in  most  areas  there  is  an  intact 
central  lobular  A-ein.  There  are  nodules  and  increased  cellularity  in  some  areas. 
In  one  region,  the  connection  between  the  portal  and  the  central  canals  can  be 
seen. 

There  is  .some  disturbance  in  blood  flow,  with  congestion  due  to  circumscribed 
compression  of  the  portal  veins.  However,  considering  the  long  storj-  of  hyper- 
tension, one  would  expect  to  .see  more  evidence  of  cirrhosis.  In  the  portal  tract, 
there  is  a  moderate  fibrosis  with  some  cellular  compression.  The  parenchyma  too, 
shows  some  areas  of  interstitial  fibrosis.  Since  the.se  are  seen  in  onh'  a  few  areas, 
one  must  conclude  that  we  are  dealing  with  an  early  cirrhosis  in  which  there  is 
a  marked  portal  inflammatory  reaction. 

In  this  inflammatory  area,  (Fig.  4)  there  are  a  large  number  of  cells,  but 
strangely,  there  is  a  marked  absence  of  bile  duct.  Instead,  of  the  expected  pres- 
ence of  considerable  bile  duct  proliferation,  there  are  almost  no  bile  ducts  to  be 
seen.  There  is  a  large  number  of  plasma  cells  which  may  be  a  factor  in  the  pa- 
tient's hyperglobulinemia.  In  this  area,  there  is  disintegration  of  liver  cells  with 
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Fig  4.  Liver  (R  6^  Ej  Marked  fluonie  iiiHaminatory  reaction  seen  in  the  i)ortal  field 
extending  into  the  fibrous  septa. 


connective  tissue  replacement.  The  association  of  fibrous  tissue  is  not  commonly 
seen  with  this  coagulation  necro.sis  of  the  liver  cells.  Bile  ducts  are  also  seen  in 
this  area. 

How  is  the  portal  hypertension  to  be  explained?  There  is  in.sufficient  nodular 
regeneration  to  explain  the  compression  of  the  portal  vein.  The  hepatic  veins 
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are  patent.  It  may  be  that  there  is  a  mechanism,  not  clearly  understood,  which 
brings  increased  arterial  pressure  upon  the  portal  veins.  This  portal  hyperten- 
sion was  relieved  by  the  splenorenal  shunt,  but  recurred  after  obliteration  of 
the  shunt. 

Now,  as  to  the  bile  duct  pathology;  we  do  not  believe  that  there  is  a  stricture, 
but  rather  that  a  change  in  permeability  occurs.  This  may  lead  to  a  regurgita- 
tion as  well  as  dehydration  of  bile,  a  process  operative  in  the  early  .stages  of 
disease.  Eventually,  severe  inflammation  results,  as  you  .see  in  this  case.  This  is 
probably  a  response  to  the  regurgitation  of  bile,  but  one  cannot  be  certain.  Our 
case  does  not  confirm  this  hypothesis,  because  we  see  only  the  end  .stages  of 
inflammation.  Fibrosis  has  caused  kinking  and  destruction  of  the  duct,  and 
later  liver  cell  necrosis.  One  cannot  be  certain  whether  the  liver  cell  necrosis  is 
.secondary  to  the  inflammation  and  necro.sis,  or  whether  it  is  its  cause. 

In  summary,  we  are  dealing  with  a  case  of  primary  biliary  cirrhosis  in  which 
jaundice  and  a  cholecy.stectomy  preceded  the  onset  by  several  years.  As  Dr. 
Gutman  has  suggested,  we  don't  think  that  the  operation  had  anything  to  do 
with  the  lesion,  which  is  intrahepatic.  I  think  that  this  is  primary  biliary  cir- 
rhosis. Mo.st  of  these  ca.ses  occur  in  young  women  or  menopausal  women.  Perhaps, 
an  endocrine  factor  may  be  implicated,  but  this  is  speculative.  However,  what- 
ever the  cause  of  the  periportal  scarring  and  necrosis,  a  real  intrahepatic  ob- 
struction develops,  and  this  leads  to  a  primary  biliary  cirrho.sis  of  unknown  eti- 
ology. Eventually,  death  occurs  as  a  result  of  primary  biliary  cirrhosis. 

A  PHYSICIAN :  I  am  puzzled  by  one  thing.  The  patient  presumably  died  in 
hepatic  coma,  and  yet  the  amount  of  liver  damage  is  minimal.  How  do  you 
explain  the  minimal  cirrhosis  in  terms  of  quantity  of  involved  liver  tis.sue  and 
the  gross  hepatic  disturbance? 

DR.  POPPER:  This  is  a  very  pertinent  question.  One  mu.st  a.sk,  was  she  in 
coma?  I  am  not  sure.  The  hepatic  failure  might  have  resulted  not  from  anatomic 
damage  to  the  liver  cells,  but  rather  from  failure  of  the  blood  to  reach  the  liver 
cells  with  resultant  hepatic  anoxia. 


Radiological  iSlptes 

Edited  By 
BERNARD  S.  WOLF 

CASE  XO.  41 

S.  H.,  a  Go  year  old  whitr  tVmale,  was  adinillcd  witli  the  chief  comphaint  of 
colicky  pain  in  the  mid  and  right  al)donuMi  for  5  weeks.  These  pains  were  de- 
scribed as  reseml)Ung  hihor  pains,  occnrring  up  to  '.\  times  a  day  and  hvsting 
about  an  hour.  Tliey  were  associated  with  nausea  but  no  ^•omiting.  There  was 
a  history  of  a  bhick  stool  on  one  occasion.  For  several  years,  the  patient  had 
complained  of  rather  ^•ague  upper  abdominal  pain  and  heartburn  and,  as  a 
result,  had  lieen  treated  with  a  low  fat  diet.  As  far  as  could  be  determined,  there 
was  no  unequivocal  evidence  of  cholecystitis  or  cholelithiasis.  There  was  no 
history'  of  jaundice  or  of  any  previous  abdominal  operation. 

Phj^sical  examination  showed  an  obese  female  in  moderate  distress.  There 
was  tenderness  to  deep  palpation  in  the  region  of  the  epigastrium  and  to  the 


Case  41,  Fig.  la.  Film  from  tiic  small  howcl  scries  demonstrates  a  segment  of  distal 
ileum  about  3  inches  in  length  with  marked,  rather  discrete  dilatation.  This  region  con- 
tains a  large  number  of  filling  defects  that  luu'c  the  appearance  of  foreign  bodies.  In  the 
center,  there  is  a  large  ovoid  defect  about  3  cm.  in  its  greatest  diameter.  Immediately 
distal  to  the  sac-like  dilated  segment  (arrow),  tliere  is  a  short  marked  stricture  with  taper- 
ing margins  both  pro.ximally  and  distalh'. 
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Case  41,  Fig.  lb.  Another  film  from  the  small  bowel  series  with  less  barium  in  the 
dilated  segment  permits  recognition  of  the  majoritj'^  of  the  foreign  bodies  as  fruit  pits. 
They  are  elongated,  sharph'  demarcated  with  pointed  ends  and  show  within  their  sub- 
stance arcuate  hnes  of  greater  lucenc}'  parallehng  the  surface.  These  lines  represent  re- 
tained gas  within  the  pit.  Moderate  dilatation  of  the  ileum  for  a  short  distance  proximal  to 
the  segment  containing  the  pits  is  present. 

right  of  the  umbihcus.  Xo  masses  were  palpable.  Blood  pressure  was  210  100. 
The  remainder  of  the  physical  findings  were  not  contributor^^ 

Roentgen  examination  of  the  small  bowel  showed  a  localized,  markedly  di- 
lated segment  in  the  distal  ileum  with  a  stricture  at  its  proximal  end,  located 
about  l}2  inch  from  the  ileocecal  ^■alve.  This  stricture  was  about  2  or  3  mm.  in 
diameter  and  about  lo  cm.  in  length.  Barium  passed  this  stricture  with  little 
difficulty.  Within  the  sac-like  dilated  portion  of  ileum  (Fig.  la),  there  were  a 
large  number  of  filling  defects  at  least  one  of  which  appeared  to  be  about  3  cm. 
in  diameter  and  somewhat  ovoid  in  shape.  However,  on  closer  examination  of 
the  small  filling  defects  (Fig.  lb),  they  appeared  to  have  a  surprisingly  geometri- 
cal or  symmetrical  boat-shaped  configuration  with  .sharpened  points  at  each 
end.  Aloreover,  within  the  individual  filling  defects,  lucent  lines  could  be  seen 
paralleling  the  surface.  The  appearance  was  that  of  fruit  pits  (usually  plum  or 
prune  pits),  impacted  as  a  result  of  obstruction  due  to  a  stricture.  The  pos.si- 
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Case  41,  Fig.  2.  Roentgenogram  of  the  ^-p^■nlll(■n  showing  two  dozen  fruit  pits  covered 
by  adherent  barium.  The  two  larger  defects  (arrows)  also  show  pits  in  their  centers.  The 
inspissated  fecal  mat(>rial  deposited  about  these  j)its  has  a  laminated  appearance. 

bilit}',  however,  that  the  hirger  filling  defect  represented  a  bilary  cal('ulu.s  could 
not  be  excluded.  The  ileum  for  about  a  foot  and  a  half  proximal  to  the  sac-like 
area  of  dilatation  was  moderately  dilated  but  appeared  mobile  and  not  intrinsi- 
cally diseased.  The  cause  of  the  stricture  in  the  terminal  ileum  was  not  apparent 
from  the  roentgen  examination. 

On  exploratory  laporotomy,  the  stricture  was  discovered  a  short  distance 
proximal  to  the  ileocecal  valve.  At  the  site  of  the  stricture,  there  was  no  evidence 
of  any  extrinsic  band  or  adhesions  or  of  any  kink  in  the  bowel.  The  serosa  over 
the  dilated  segment  was  somewhat  dulled  and  its  wall  was  thiimed.  Within  it,  a 
large  number  of  foreign  bodies  could  be  palpated.  Multiple  enlarged  mesenteric 
nodes,  some  of  which  were  calcified,  were  palpated.  An  ileocecal  resection  was 
performed. 

On  opening  the  specimen,  a  superficial  ulceration  was  demonstrated  in  the 
short  stricture  which  appeared  to  be  fibrotic  in  nature.  About  two  dozen  foreign 
bodies  covered  with  in.spissated  brown  stool  were  present  in  the  ileum.  A  film 
of  the  specimen  (Fig.  2)  confirmed  the  pit  nature  of  these  foreign  bodies  and 
demonstrated  also  that  two  large  concretions  had,  within  their  centers,  pits  as 
well.  Xone  of  the  foreign  bodies  appeared  to  be  biliary  calculi.  Alicroscopic 
examination  confirmed  the  gross  findings  but  did  not  elucidate  the  nature  of  the 
stricture.  Incidentally,  the  patient  did  not  recall  .swallowing  pits. 

Final  Diagnosis:  Benign  stricture  of  the  ileum  avith  incomplete  ob- 
struction AND  retention  OF  FRUIT  PITS. 
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CASE  NO.  42 
(Submitted  by  Dr.  Max  L.  Som,  M.D.) 

H.  H.,  A  47  year  old  male,  was  admitted  with  the  chief  complaint  of  hoarse- 
ness of  one  month  duration.  There  was  a  history  of  occasional  dysphagia  on 
swallowing  solid  food  of  relatively  recent  origin.  Indirect  laryngoscopy  revealed 
a  broad-based  mass  attached  to  the  left  arytenoid  but  covered  by  intact  mucosa. 
The  pyriform  fossa  on  the  side  of  the  lesion  was  obliterated.  There  was  no  im- 
pairment of  motility  of  the  vocal  cords  and  no  cer\'ical  adenopathy.  The  remain- 
der of  the  physical  examination  was  not  contributory. 

Tomography  of  the  larynx  demonstrated  (Fig.  1)  a  soft  tissue  mass  occluding 
the  left  pyriform  fos.sa  and  involving  the  left  arytenoid  region.  The  true  and 
false  cords  were  displaced  medially  and  the  ventricle  was  obliterated.  The  sub- 
glottic region  was  normal. 


Case  42,  Fig.  1.  Tomography  of  the  larynx  in  the  AP  plane  prior  to  operation  demon- 
strates obliteration  of  the  left  jjyriform  fossa,  bulging  and  medial  displacement  of  the  left 
true  and  false  cords  with  almost  complete  occlusion  of  the  ventricle.  The  subglottic  region 
is  normal.  (Incidentally,  two  accessory  ossicles  are  seen  along  the  superior  aspect  of  the 
manubrium  between  the  inner  ends  of  the  clavicles.) 
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Fig.  2a.  Fig.  21). 


Case  42,  Fig.  2a.  Tomograpliic  rp-oxainination  S  months  after  operation  show.s  findings 
similar  to  those  seen  prior  to  operation.  Tlie  mass  is  larger,  deforms  the  left  ervepiglottic 
fold  and  completely  obliterates  the  ventriele  with  slight  thickening  in  the  left  subglottic 
region.  The  narrowing  of  the  trachea  about  inch  distal  to  the  larynx  is  the  result  of 
previous  tracheotomy. 

Ca.se  42.  Fig.  2b.  Barium  swallow  shows  aspiration  of  barium  into  the  laryn.x  ami  the 
trachea.  Xo  barium  entered  the  left  pyriform  fossa.  The  arrows  indicate  the  surface  of  a 
hemispherical,  sharply  demarcated,  smooth  mass  projecting  into  the  larynx,  extending 
from  the  eryepiglottic  fold  to  the  subglottic  region. 

-After  tracheotomy,  a  lateral  pharyugotoiuy  wa.s  performed  and  the  tumor 
exposed.  It  was  found  to  be  about  5  em.  in  length,  attached  by  a  broad  base  to 
the  posterior  surface  of  the  arytenoid  and  projecting  into  the  esophageal  lumen. 
The  tumor  was  ablated  at  its  attachment  and  the  surrounding  mucosa  approxi- 
mated. The  pathological  report  was  neurofibroma. 

Eight  months  after  the  first  operation,  the  patient  again  began  to  complain 
of  hoarseness  and  laryngoscopy  revealed  thickening  and  medial  displacement  of 
the  left  true  and  false  cords  with  limitation  of  motion.  Tomography  of  the 
larynx  (Fig.  2a)  demon.strated  a  large  ovoid  mass  involving  the  left  side  of  the 
laiynx  and  extending  into  the  pyriform  fo.ssa  with  obliteration  of  the  ventricle. 
Barium  swallow  (Fig.  2b)  demonstrated  that  the  distal  extent  of  the  lesion  ex- 
tended to  the  lower  margin  of  the  thyroid  cartilage  and  that  its  surface  appeared 
to  be  quite  smooth  and  sharply  demarcated.  The  patient  was  operated  on  again 
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Case  42,  Fig.  3.  Cut  section  of  the  resected  specimen  demonstrates  the  tumor  to  be 
somewhat  lobulated  and  encapsulated.  Above  the  tumor  is  seen  the  resected  epiglottis. 
The  tumor  measured  about  3  cm.  in  diameter. 

and  a  large  submucosal  tumor  dissected  free.  The  tumor  extended  from  the  base 
of  the  epiglottis  distally  to  the  lower  border  of  the  thyroid  cartilage  and  was 
encapsulated.  The  mass  had  to  be  separated  from  the  wing  of  the  thyroid  later- 
ally and  the  cord  mesially  by  blunt  dissection.  The  major  portion  of  the  epi- 
glottis was  extirpated  in  continuity  with  the  neoplasm.  Post-operativeh^,  the 
patient  did  well,  swallowing  was  normal  and  both  cords  moved  well.  Fig.  3  is  a 
photograph  of  the  resected  specimen.  Microscopic  report  confirmed  the  previous 
diagnosis. 

Final  Diagnosis:  Xeurofibroma  of  the  laryxx. 
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C.\SE  NO.  43 

C.  yi.,  a  female  child  of  0  luonths,  was  admitted  with  the  chief  complaint  of 
drowsiness  for  8  days.  One  month  prior  to  admission,  the  child  sustained  a  burn 
of  her  left  forearm  which  healed  slowly.  Eight  daj^s  before  admission,  the  child 
became  markedly  drowsy,  irritable  when  aroused  and  took  feedings  poorly.  She 
preferred  to  assume  the  opisthotonus  position.  The  child  was  a  normal  full-term 
spontaneous  deli\-ery  with  a  birth  weight  of  7  lbs.  and  8  oz.  Family  history  was 
not  contributory.  According  to  the  father,  the  child  always  had  a  rather  large 
head  which,  however,  had  become  much  more  marked  recently.  The  mother 
agreed  that  the  head  had  increased  in  size  to  an  unusual  degree  recently  but  was 
uncertain  that  the  head  had  always  been  large.  Xo  remarkable  abnormality  in 
the  development  of  the  child  had  been  noted.  On  admission  to  a  local  hospital, 
the  child  was  treated  with  a  tentative  diagnosis  of  meningitis.  Bulging  fontanelles 
were  found,  a  white  count  of  23,000  and  15  cells  in  the  spinal  fluid.  The  patient 
was,  however,  afebrile  and  the  sugar  and  protein  values  in  the  cerebrospinal 
fluid  were  within  normal  limits.  The  child  did  not  improve  and  was  transferred 
to  this  hospital. 


Case  43,  Fig.  la.  Lateral  view  of  the  skull  shows  considerable  increase  in  the  AP  di- 
ameter with  marked  thinning  of  the  bones  of  the  calvarium.  The  sutures  are  widened;  the 
sella  turcica  is  not  remarkable.  The  suix'rior  portion  of  the  occipital  })one,  extending  on  to 
the  parietal  bone  shows  multiple,  flat  scalloped  indentations.  The  most  superior  of  these 
(arrow)  shows  an  intact  inner  table  which  can  be  followed  downward  aiul  iatcralh'  when 
ihe  projection  is  slightly  off  the  true  lateral  as  in  Fig.  lb. 
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On  admission,  the  child  was  obvioush^  chronically  ill  with  a  hydrocephalic 
head  which  measured  almost  19  inches  in  circumference.  Temperature  was  100.8, 
respirations  26  and  pulse  118.  The  child  weighed  16  lbs.  and  8  oz.  Both  fontanelles 
were  bulging.  The  pupils  were  dilated  and  fixed  to  light  but  this  was  attributed 
to  m\'driatic  drops.  The  fundi  showed  moderate  venous  distention  with  question- 
able blurring  of  the  disc  margins  but  no  elevation  of  the  discs  and  no  hemor- 
rhages or  exudates.  The  neck  was  supple  and  there  were  no  meningeal  signs. 
Xo  localizing  neurological  findings  were  present.  Lumbar  puncture  showed  clear 
colorless  fluid  with  a  pressure  of  70  mm.  of  mercury.  Protein  was  58  mgm.  % 
and  80  mgm.  %  on  another  occasion.  The  .sugar  was  53  mgs.  %.  A  few  red  blood 
cells  and  white  blood  cells  were  seen  on  .smear. 

Roentgen  examination  of  the  skull  showed  considerable  increase  in  the  AP 
diameter  with  -nidening  of  the  sutures  and  bulging  of  the  fontanelles  (Fig.  la). 
There  was  no  eWdence  of  abnormal  intracranial  calcification.  The  sella  turcica 
was  ^^^thin  normal  limits.  The  calvarium  was  diffusely  thinned  but  in  the  occi- 
pital squama  extending  onto  the  parietal  bone,  the  inner  table  of  the  skull  showed 
multiple  indentations  producing  a  scalloped  appearance.  The.se  stopped  rather 
abrupth'  in  the  posterior  parietal  region  at  a  point  above  the  lambdoid  sutures. 
At  this  point,  a  more  discrete  groove  with  an  intact  inner  table  was  present 


Case  4.3,  Fig.  lb.  Lateral  view  of  the  .skull  after  pneumoencephalography  shows  a  huge 
collection  of  air  in  the  posterior  fcssa.  Only  a  few  bubbles  were  seen  in  the  ventricular 
system.  Arrow  indicates  the  downward  and  lateral  continuation  of  the  groove  for  the  trans- 
verse sinus. 
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Case  43,  Fig.  Ic.  Vi'iitriculo»rapliy  clomonstratod  considc'i'ablo  syniin(>trical  dilatation 
of  the  lateral  ventricles  and  of  the  third  ventricle.  The  marked  oljliciuity  of  the  floor  of  the 
posterior  horns,  atria  and  temijoral  horns  is  striking.  The  lower  margin  of  the  ventricular 
system  parallels  the  upper  margin  of  the  air  collection  in  the  posterior  fossa.  Between 
the  ventricular  system  and  this  air  cyst  lies  the  tentorium  of  the  cerebellum  which  ex- 
tends posteriorly  to  the  groove  for  the  transverse  sinus.  This  groove  on  the  parietal  bone 
is  abnormally  high  and  indicates  the  congenital  origin  of  the  distention  of  the  posterior 
fossa. 

(Fig.  la,  arrow).  The  .significance  of  this  groo\-e  which,  in  a  slightly  ofT-Iateral 
projection,  extended  downward  and  laterally  (Fig.  lb,  arrow),  was  not  appreci- 
ated at  the  time.  Pneumoencephalography  (Fig.  lb)  showed  a  few  bubbles  of 
air  in  a  dilated  ventricular  system  but  a  huge  collection  of  air  was  seen  occupying 
the  po.sterior  fossa.  Ventriculography  (Fig.  Ic)  confirmed  the  presence  of  sym- 
metrical dilatation  of  the  lateral  ventricles  and  of  the  third  ventricle  and  demon- 
strated a  remarkabh-  increa.sed  tilt  toward  the  vertical  of  the  floor  of  the  oc- 
cipital horns,  atria  and  temporal  horns.  Air  was  also  present  in  the  large  cavity 
in  the  po.sterior  fossa;  the  upper  margin  of  this  collection  appeared  to  parallel 
the  lower  margin  of  the  ventricular  system.  The  homogeneous,  band-like  density 
forming  the  boundary  between  these  two  air  collections  could  be  traced  pos- 
teriorh'  to  the  groove  in  the  parietal  bone — i.e.  this  groove  represents  the  con- 
fluence of  the  superior  sagittal,  straight  and  transverse  sinu.ses,  the  torcular 
Herophili.  The  torcular  indicates  the  level  of  the  posterior  margin  of  the  ten- 
torium cerebelli.  It  was  then  obvious  that  the  child  had  a  huge  cy.st  of  the 
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posterior  fossa  of  congenital  origin  which  has  been  designated  as  the  Dandy- 
Walker  syndrome.  This  also  goes  by  the  name  of  atresia  of  the  foramina  of 
Magendie  and  Luschka.  It  is  important  to  recognize,  however,  that  this  syndrome 
is  not  necessarily  associated  with  complete  atresia  of  the  foramina  related  to 
the  fourth  ventricle,  so  that,  as  in  the  case  under  description,  obstruction  may 
not  be  complete.  This  syndrome  represents  a  developmental  anomaly  of  the 
medullary  velum  of  the  fourth  ventricle  as  well  as  of  the  cerebellar  hemispheres, 
the  vermis  and  the  cerebellar  commissure.  It  has  been  suggested  that  this  type 
of  hydrocephalus  may  be  more  susceptible  to  successful  operative  intervention 
than  other  malformations,  for  example,  the  Arnold-Chiari  anomaly  and,  there- 
fore, that  it  is  of  importance  to  recognize  this  syndrome  as  early  as  possible.  This 
can  be  done  on  the  basis  of  the  relatively  greater  enlargement  of  the  skull  behind 
the  ears  and  roentgenologically  by  the  elevation  of  the  groove  for  the  torcular 
Herophili.  There  haxe  apparently  been  no  reported  operative  .successes  as  yet. 
The  child  under  description  did  poorly  and  was  found  dead  in  bed,  presumably 
as  the  result  of  respiratory  paralysis. 

Final  Diagnosis:  Dandy- walker  syndrome  or  so-called  atresia  of  the 

FORAMINA  OF  MAGENDIE  AND  LUSCHKA. 

CASE  NO.  44 

A.A.,  a  22  month  old  child,  was  admitted  with  the  chief  complaint  of  a  tender 
mass  on  the  medial  aspect  of  the  right  forearm  a  short  distance  above  the  wrist. 
Two  months  prior  to  admission,  the  child  had  fallen  and  sustained  a  laceration 
in  this  area.  Roentgen  examination  at  the  time  of  the  injury  was  negative.  A 
week  after  the  injury,  the  parents  noted  swelling  and  tenderness  at  the  site  of 
injury.  One  week  after  this,  roentgen  examination  was  repeated  and  showed 
thickening  of  the  bone.  Another  examination,  three  weeks  after  the  original  injury, 
disclosed  in  addition  to  the  thickening  an  area  of  rarefaction.  Swelling  increased 
slowly  until  the  time  of  admission. 

Examination  on  admission  showed  a  somewhat  rubbery  mass,  3  cm.  in  diam- 
eter, over  the  distal  portion  of  the  ulna.  This  mass  was  moderately  tender  to 
palpation.  Ths  skin  over  the  mass  appeared  to  be  movable  but  the  mass  appeared 
to  be  adherent  to  the  deeper  tissues.  The  overlying  skin  was  not  discolored.  A 
healed  3  mm.  laceration  was  evident  which  had  a  somewhat  darkish  color.  There 
was  no  fever  or  leucocytosis. 

Roentgen  examination  (Figs,  la  and  lb)  of  the  right  forearm  showed  an  area 
of  lamellated  periosteal  new  bone  formation  along  the  distal  portion  of  the  shaft 
of  the  right  ulna,  most  marked  on  its  medial  and  anterior  aspect.  Within  the 
periosteal  new  bone,  an  ovoid  lucent  area  was  seen.  This  lucent  zone  was  sharply 
demarcated  except  superfficially  where  the  bone  was  defective.  ]\Iedial  to  this 
lucent  zone  extending  distally,  there  was  a  soft  tissue  mass.  A  definitive  roentgen 
diagnosis  was  not  made. 

At  operation,  a  fluctant  mass  was  exposed  protruding  between  the  extensor 
tendons  of  the  wrist.  This  was  incised  and  several  centimeters  of  purulent  ma- 
terial evacuated.  The  wall  of  the  sac  consisted  of  loose,  partially  necrotic  gelat- 
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Fig.  la.  P'iG.  lb. 


Case  44,  Fig.  la.  Radiograph  of  the  distal  portion  of  the  right  forearm  shows  lamellated 
periosteal  new  bone  formation  on  the  niefUal  asjiect  of  the  distal  portion  of  the  shaft  of  the 
right  ulna.  Eccentricall}-  located  within  the  new  periosteal  bone,  there  is  a  sharply  demar- 
cated ovoid  lucent  zone  which  is  broadly  continuous  with  the  adjacent  soft  tissue.  The 
cortex  underlying  the  lucent  area  is  intact.  Extending  distally  on  the  medial  aspect  of 
the  forearm,  there  is  a  soft  tissue  mass  which  elevates  the  thinned  subcutaneous  tissue. 

Case  44,  Fig.  lb.  Lateral  view  of  the  forearm  demonstrates  that  the  periosteal  new  bone 
formation  is  also  prominent  on  the  anterior  aspect  and  minimal  on  tlie  posterior  aspect 
of  the  shaft  of  the  ulna.  The  characteristics  of  the  lucent  zone  are  the  same  as  on  the 
antero-posterior  projection.  The  cortex  is  intact,  confirming  the  location  of  the  lucent 
zone  within  the  newly  formed  periosteal  bone. 

inous  tissue  and  was  adherent  to  the  ulna.  Within  the  center  of  the  abscess 
cavity,  there  was  a  one  inch  splinter  of  wood  which  had  the  appearance  of  a 
matchstick  .sharpened  at  one  end.  The  pointed  end  of  the  splinter  was  close  to 
the  bone.  Culture  of  the  purulent  material  revealed  staphlococcus  albus  A.  The 
pathological  report  of  the  exci.sed  tissue  showed  acutely  inflamed  granulation 
tissue  with  foreign  body  giant  cell  reaction. 

Final  Diagno.sis:  Spli.vter  of  the  ulx.v  with  abscess  form.\tio.v. 

CASE  NO.  45 

A.X.,  a  37  year  old  female,  had  been  treated  two  years  previously  for  a  car- 
cinoma of  the  cervi.x,  stage  1,  by  means  of  intravaginal  and  intrauterine  radium 
and  external  radiation.  She,  however,  did  not  complete  the  course  of  external 
radiation  and  did  not  return  for  follow-up  examinations.  One  month  prior  to 
admission,  the  patient  fell  and  subsetiuently  complained  of  pain  in  the  right 
knee  and  in  the  neck.  One  week  prior  to  admission,  pain  in  the  right  wrist  ap- 
peared. 
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Fig.  la.  Fig.  lb.  Fig.  Ic. 


Case  45,  Fig.  la.  A  roentgenogram  of  the  right  forearm  shows  a  sharply  demarcated, 
somewhat  ovoid  lucent  zone  within  an  area  of  periosteal  new  bone  formation  on  the 
lateral  aspect  of  the  shaft  of  the  radius  about  2  inches  proximal  to  the  wrist.  The  subjacent 
cortex  is  also  demineralized.  The  new  periosteal  bone  on  the  lateral  aspect  has  a  lamellated 
sj'mmetrical  appearance  but  on  the  medial  aspect  of  the  shaft  at  the  same  level  it  has  a 
somewhat  lacy  contour. 

Case  45,  Fig.  lb.  The  postero-anterior  projection  of  the  lower  end  of  the  right  humerus 
shows  a  sharph'  demarcated,  ovoid,  lucent  area  within  the  medullar}'  cavitj'  which  erodes 
the  cortex  in  symmetrical  fashion  and  is  associated  with  a  spindle-shaped  configuration  of 
the  shaft  due  to  new  periosteal  bone  formation  of  a  lamellated  character. 

Case  45,  Fig  Ic.  A  lateral  \-iew  of  the  lower  end  of  the  right  humerus  shows  findings 
similar  to  the  PA  projection.  Note  that  within  the  larger  lucent  zone  there  is  a  smaller, 
more  marked  lucent  area  which  i)resumably  indicates  localized,  more  extensive  erosion  of 
the  overlying  cortex. 

Examination  on  admission  showed  a  swelling  about  inches  in  diameter 
located  f-^  inch  above  the  wrist  on  the  radial  aspect  of  the  forearm.  This  swelling 
was  tender  to  palpation  but  was  not  warm;  the  skin  over  it  was  not  discolored. 

Roentgen  examination  of  the  right  forearm  (Fig.  la)  showed  an  ovoid,  sharph^ 
demarcated  lucent  zone  almost  1  cm.  in  diameter  within  an  area  of  periosteal 
new  bone  formation  over  the  lateral  aspect  of  the  shaft  of  the  radius.  In  addition, 
in  the  distal  portion  of  the  shaft  of  the  right  humerus  (Fig.  lb)  a  sharply  de- 
marcated ovoid  lucent  zone  was  seen  in  the  medullary  cavity  associated  with 
marked  periosteal  new  bone  formation.  Several  punched-out  areas  of  rarefaction 
were  also  found  in  the  scapula,  in  the  calvarium  and  in  the  distal  end  of  the 
femur.  The  diagnosis  of  metastatic  carcinoma  was  confirmed  by  biopsy  of  the 
lesion  in  the  ulna  which  showed  squamous  cell  carcinoma. 

Final  Diagnosis:  Metastatic  carcinoma  to  the  loxg  boxes — rxusuAL 

ROENTGEN  APPEARANCE. 
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(WSIO  XO.  4() 

(Submitted  by  John  E.  Moseley,  M.D.) 

L.G.,  a  1  year  old  coloml  male,  had  Ikhmi  dclhcred  by  Caesarean  section, 
three  weeks  prematurely,  with  birth  weight  3  lbs.  4  oz.  Shortly  after  birth,  he 
was  said  to  have  had  piieuiuoiiia  and  was  liospitalized  for  2  months.  At  the  age 
of  8  months,  he  was  treated  at  another  hospital  for  an  upper  respiratory  infec- 
tion and  dyspnea  for  2-3  days.  Approximately  one  week  prior  to  admission,  he 
developed  a  running  nose,  fever  of  103°  V.  and  was  treated  with  i)enicillin.  The 
symptoms  cleared  rapidly  but  3  days  prior  to  admission,  his  mother  noted  that 
he  seemed  more  irritable  than  usual  when  she  touched  his  left  chest.  There  was 
no  associated  cough,  fever  or  rhinorrhea  l)ut  the  patient  became  anorectic  and 
cried  continually. 

On  physical  examination,  there  were  seA-eral  small  anterior  cervical  and  axil- 
lary  nodes  palpable.  A  2  cm.  node  was  palpable  in  the  left  suprackn  icular  area. 
The  thorax  was  normal  in  configuration  but  there  was  a  slight  respiratory  lag 
on  the  left  side.  Dullness  with  absent  breath  sounds  was  detected  o\'er  the  upper 
half  of  the  left  lung.  The  liver  was  down  2  cm.  The  laboratory  findings  were 
not  remarkable.  X-ray  examination  of  the  chest  (Fig.  la)  showed  a  large  homo- 
geneous mass  filling  the  upper  -'^4  of  the  left  thorax,  displacing  the  heart  and 
mediastiiumi  to  the  right  and  elevating  the  upper  two  left  ribs.  The  shafts  of 
these  ribs,  especially  the  first,  were  narrowed,  apparently  by  pressvu'e  erosion 
of  the  mass.  In  the  lateral  projection  (Fig.  lb),  the  mass  extended  from  the 
posterior  to  the  anterior  chest  wall.  The  margins  were  sharp  and  relatively 
smooth.  Xo  calcifications  were  demonstrated.  The  displacement  of  the  heart 
and  mediastinum  associated  with  (>rosion  of  the  first  rib  suggested  that  this 


Case  46,  Fig.  la.  Postero-anterior  view  of  the  chest  shows  a  huge  homogeneous  density 
occup3'ing  the  upper  ^4  of  the  left  heinithorax.  A  sharp  coin-cx  border  is  present  inferiorly. 
The  trachea,  heart  and  media.stinum  are  markedly  dis]jl:i(  cd  towards  the  right.  The  first 
two  left  ribs  are  elevated  and  their  posterior  i)ortions  tliiimed. 
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Fig.  lb.  Lateral  projection  shows  that  the  mass  occupies  the  entire  sagittal  diameter 
of  the  thorax.  The  markedl.v  thinned  first  rib  is  well  seen. 

density  represented  a  tumor  ma.ss  rather  than  a  collection  of  fluid.  Despite 
the  smoothly  rounded  margins  of  the  mass,  the  lymphadenopathy  and  rib 
erosion  suggested  a  malignant  character  of  the  tumor. 

Xeedle  aspiration  of  the  chest  was  done  which  revealed  a  small  amount  of 
bloody  fluid.  Following  this,  biopsy  of  the  left  supraclavicular  node  showed 
metastatic  neuroblastoma.  Bone  marrow  aspiration  showed  abnormally  large, 
immature,  cells  representing  metastatic  neuroblastoma  cells.  Search  for  other 
lesions,  including  examination  of  the  abdomen  and  intravenous  pyelography, 
was  unrevealing. 

The  patient  was  treated  with  radiotherapy  and  at  last  examination  the 
thoracic  mass  had  diminished  considerably  in  size. 
Final  Diagnosis:  Primary  thoracic  xeuroblastoma. 

CASE  XO.  47 

(Submitted  by  Johx  E.  Moseley,  M.D.) 

R.M.,  a  12  year  old  white  male,  was  referred  for  roentgen  examination  of  his 
hands  because  of  slight  angulation  deformities  of  both  little  fingers.  There  was 
no  history  of  any  remarkable  trauma  to  the  hands  and  the  child  had  no  other 
complaints. 

The  roentgen  examination  of  the  hands  (Fig.  1)  .showed  .shortening  of  the 
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Case  47,  Fig,  1.  Roentgenogram  of  the  hands  shows  shortening  of  the  nii(i(_lle  phalanges 
of  the  2nd  and  5th  digits  on  both  sides.  The  mid-portions  of  these  phalanges  show  irregu- 
lar, somewhat  fragmented  bone,  with  dense  areas  of  calcification.  Xo  proximal  epiphyseal 
plates  are  noted  on  these  phalanges  although  distal  pseudoepiphyseal  ])lates  are  well 
marked.  Remnants  of  distal  pscudoepiphj^ses  are  seen  in  the  other  middle  and  proximal 
phalanges.  The  right  5th  middle  phalanx  (arrow)  shows  a  small  bony  protuberance 
medially  with  dense  calcification  which,  however,  does  not  reach  the  periphery.  Both 
1st  metacarpal  bones  are  unusually  short  with  wide  medullary  cavities  and  thin  cortices 
and  somewhat  loose  trabecular  structure.  Epiphj'ses  are  present  on  both  the  proximal 
and  distal  ends  of  the  1st  metacarpal  bones. 

middle  phalanges  of  the  2nd  and  oth  fingers  of  both  hands.  This  appeared  to  be 
the  result  of  fragmentation  in  their  mid-portions  with  irregular  calcific  deposits 
within  the  affected  areas.  Each  of  the  affected  phalanges  was  angulated  in  their 
mid-portions.  Xo  epiphyseal  plates  could  be  identified  on  the  pro.ximal  margins 
of  the  involved  phalanges.  Their  distal  margins  had  the  appearance  of  pseudo- 
epiphyses  which  were  also  present  on  the  other  middle  and  proximal  phalangeal 
bones.  The  first  metacarpal  bones  on  each  side  were  abnormally  short  with  some- 
what widened  medullary  caA'ities  at  the  expense  of  the  cortices.  Epiphyses  were 
present  on  both  the  proximal  and  distal  ends  of  both  of  these  first  metacarpal 
bones.  The  trabecular  structure  of  these  metacarpal  bones  appeared  somewhat 
looser  as  compared  with  the  other  bones  included  within  the  examination. 

Closer  examination  of  the  changes  in  the  middle  phalanx  of  the  little  finger  of 
the  right  hand  (Fig.  1  arrow)  demonstrated  that  there  was  a  rather  localized 
bony  projection  extending  beyond  the  margin  of  the  shaft  and  that  dense  calcific 
deposits  were  located  within  this  projection  but  did  not  reach  the  surface.  The 
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appearance  of  this  lesion  suggested  a  small  osteochondroma.  Examination  of 
the  feet  showed  scattered  small,  lucent  zones  in  several  of  the  metatarsal  and 
phalangeal  bones  suggesting  islands  of  cartilage,  i.e.  enchondromata.  The  re- 
mainder of  the  bones  showed  no  abnormality. 

The  changes  in  the  phalanges  described  above  are  considered  to  be  quiescent 
stages  of  enchondromata  which  have  gone  on  to  bone  formation  and  calcium 
depo.sition.  The  shortening  and  angulation  are  the  result  of  growth  disturbance 
associated  with  the  origin  of  these  lesions  in  epiphyseal  cartilage.  The  changes 
in  the  first  metacarpal  bones  have  a  different  appearance  but  are  presumably  on 
a  similar  basis.  Involvement  of  the  hands  and  feet  without  chondromata  else- 
where has  been  referred  to  as  "acroform  dyschondroplasia".  The  quiescent  or 
healing  stage  is  rarely  seen  in  short  bones. 

Final  Diagnosis:  Multiple  exchoxdromata  of  the  phalaxges  ix  a  quies- 

CEXT  OR  HEALIXG  STAGE;  ACROFORM  DYSCHOXDROPLASIA. 

"FAST"  FILM  FOR  BARIUM  EXEMA  EXAMINATIONS 

For  many  years,  the  largest  size  x-ray  film  available  in  standard  practice  has 
been  14  inches  by  17  inches.  This  size  of  film  is  often  insufficient  to  cover  the 
entire  abdomen,  particularly  in  the  longitudinal  direction.  This  defect  is  often  a 
source  of  difficulty,  particularly  in  barium  enema  examinations.  During  the 
second  part  of  a  barium  enema  examination,  that  is,  during  the  so-called  double 


Fig.  1.  A  pair  of  films  taken  during  the  double  contrast  portion  of  the  barium  enema 
examination.  The  film  on  the  left  was  taken  with  a  target  film  distance  of  40  inches  and 
on  the  right,  with  56  inches.  In  the  film  on  the  left,  the  lower  margin  is  above  the  sym- 
physis pubis  and  the  top  of  the  splenic  flexure  is  cut  off.  These  areas  are  included  in  the 
film  on  the  right.  The  diminished  magnification  obtained  at  the  longer  target  film  distance 
is  also  evident.  The  quality  and  the  detail  in  each  of  the  films  are  comparable. 
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contrast  portion,  air  is  insufflated  into  the  colon.  As  a  result  of  marked  disten- 
tion, the  laek  of  coverage  of  the  stanchird  size  fihn  is  exen  more  e\  i(h'nt.  The 
reasons  for  standardizing  on  this  size  of  film  are  obscure  but  it  has  not  been 
possible  to  change  because  of  the  fact  that  all  accessory  eciuipment  such  as 
screens,  cassettes  and  hangers  are  designed  for  this  size.  Whene\  er  a  very  large 
patient  has  to  be  radiographed  for  barium  enema  examination,  it  is  common 
practice  to  cover  the  lower  part  with  one  14  x  17  film  and  the  upper  part  with  a 
second  such  film.  Since  the  barium  enema  examination  as  currenth'  done  usually 
requires  G  different  films,  increasing  this  number  to  12  makes  the  examination 
very  awkward  and  expensi\-e  and  more  uncomfortable  for  the  patient.  ^Moreover, 
in  patients  that  are  not  excessively  large,  it  is  quite  connuon  to  hnxe  the  top  of 
the  splenic  flexure  or  the  rectosigmoid  cut  off  on  routine  films. 

It  is  possible  to  include  more  of  the  abdomen  within  a  given  area  by  increasing 
the  target-film  distance.  Increases  beyond  40  inches  have  not  been  feasible 
because  of  the  fact  that  the  time  of  the  radiographic  exposure  becomes  unde- 
sirabh'  long.  Within  the  past  year,  however,  there  has  become  a\'ailable  a  type 
of  x-ray  film  which,  when  combined  with  more  potent  developer,  has  approxi- 
mately twice  the  .speed  of  previous  film.  Other  characteristics  of  this  film,  par- 
ticularly as  regards  fine  grain  and  l)ony  detail,  are  not  as  satisfactory  as  the  more 
standard  type.  However,  since  twice  the  speed  is  available,  it  is  possible  to  in- 
crease the  target  film  distance  from  40  to  56  inches  without  changing  the  exposure 
factors.  Moreo\'er,  the  radiation  exposure  to  the  patient  is  diminished  by  at 
least  a  factor  of  two.  The  utilization  of  a  target-film  distance  of  50  inches  is 
approximately  equivalent  to  a  diminished  magnification  of  10  to  20  per  cent  or 
an  effective  increase  in  the  length  of  the  14  x  17  film  by  2  or  3  inches  and  in 
the  width  of  the  film  of  1  to  2  inches.  Some  of  the  detail  lost  because  of  utilization  of 
fast  film  is  regained  because  of  the  longer  target  film  distance.  In  actual  practice 
over  a  period  of  a  year,  this  procedure  has  turned  out  to  be  entirely  satisfactory 
and  any  loss  of  detail  has  not  been  of  consequence. 

Figure  1  indicates  the  lesser  degree  of  magnification  obtained  at  56  inches 
target  film  distance  as  compared  with  40  inches  and  the  increased  coverage  of 
the  abdomen  thereby  obtainable  in  double  contrast  examination  of  the  colon. 


erratu:m 


The  editors  regret  that  in  the  May^'June  1958 
issue  of  the  Journal  of  The  Mount  Sinai  Hospital 
Dr.  Samuel  H.  Klein's  name  was  omitted  from  the 
table  of  contents  and  running  heads  as  a  co-author 
of  the  article  Primary  Anastomosis  of  the  Trachea 
After  Resection  of  a  Wide  Segment:  An  Experi- 
mental Study  by  Max  L.  Som,  M.D.  and  Samuel 
H.  Klein,  :M.D. 
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3ln  iHemoriam 

ISIDOR  CLIXTOX  RUBIN 
1883-19r)8 

Dr.  Isidor  Clinton  Rubin  diod  on  July  10,  1958,  in  London,  iMifflaiid,  wliile 
attending  tlie  International  C'aneer  Congress.  With  Dr.  Rul)in's  passing,  The 
Mount  Sinai  Hospital  has  lost  a  most  illustrious  and  distinguished  alumnus, 
who  gained  international  fame  in  gynecology. 

Dr.  Rubin  was  born  in  \'ienna,  Austria,  on  January  8,  1883  and  was  brought 
to  this  country  when  very  young.  He  received  his  early  education  in  New-  York 
City,  and  graduated  from  the  College  of  the  City  of  New  "S'ork  in  1901.  After 
receiving  the  M.D.  degree  from  the  College  of  Ph3^sicians  and  Surgeons  of  Colum- 
bia Universitj'^  in  1905,  he  was  chosen  to  be  an  intern  at  The  Mount  Sinai  Hos- 
pital, upon  the  completion  of  which  appointment  in  1909,  he  spent  a  year  in 
postgraduate  work  and  research  in  Menna,  Berlin,  and  Paris.  In  1910,  he  was 
appointed  to  the  gynecological  staff  of  Beth  Israel  Hospital,  and  subsequently 
to  similar  positions  at  The  Mount  Sinai  Hospital  and  !Montefiore  Hospital,  in 
each  of  which  he  e\-entually  assumed  leadership.  He  was  Chief  Gynecologist  to 
The  Mount  Sinai  Hospital  from  1937  until  1945,  and  then  became  Consulting 
Gynecologist.  He  was  also  Consulting  Gynecologist  to  Montefiore,  Beth  Israel, 
and  Harlem  Hospitals. 

From  1937  to  1947,  Dr.  Rubin  was  Clinical  Professor  of  Obstetrics  and  Gyne- 
cology at  the  College  of  Physicians  and  Surgeons,  Columbia  I'niversity;  and 
from  1948,  Clinical  Professor  at  the  College  of  ]\Iedicine  of  New  York  University, 
and  at  New  York  Medical  College. 

Dr.  Rubin  was  not  only  author  of  numerous  papers  and  several  l)ooks  in  his 
specialty,  but  he  undertook  many  editorial  tasks,  including  membership  on  the 
Editorial  Board  of  the  American  Journal  of  Obstetrics  and  Gynecology. 

He  was  a  Founding  Fellow  of  the  American  College  of  Surgeons,  of  the  Amer- 
ican Board  of  Obstetrics  and  Gynecology,  and  of  the  American  College  of  Obste- 
tricians and  Gynecologists;  a  member  of  many  other  medical  associations  as 
well  as  past-President  of  the  New  York  Obstetrical  Society.  In  1956,  he  was 
unanimously  chosen  President  of  the  American  Gynecological  Society,  consid- 
ered the  most  respected  honor  that  a  member  of  our  specialty  could  attain. 

Dr.  Rubin  was  honored  for  his  work  in  gynecology  by  England,  France,  Greece, 
Italy,  Spain,  Argentina,  Brazil,  Chile,  Uruguay,  Puerto  Rico,  and  Canada.  He 
was  Chevalier  of  the  French  Legion  of  Honor  and  later  Gold  Officer,  recipient 
of  the  Key  to  the  City  of  Paris  in  1951,  Honorary  Member  of  France's  Academic 
Nationale  de  Medecine,  and  Honorary  President  of  the  French  Gjniecological 
Society.  In  1955,  he  w'as  awarded  the  Academic  Degree  by  the  Sorbonne,  the 
first  American  to  be  thus  honored. 

During  the  past  year,  Dr.  Rubin  was  awarded  Honorary  I'ellowship  in  the 
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Royal  College  of  Obstetricians  and  Gynecologists.  In  1952,  he  received  an  Hon- 
orary Degree  from  the  University  of  Athens.  In  1945,  Dr.  Rubin  received  the 
Townsend  Harris  ]Medal  of  the  City  College  Associate  Alumni  for  "notable  post- 
graduate attainments",  and  in  1947,  the  Ortho  Research  Award  of  the  American 
Gynecological  Society.  Only  six  weeks  before  his  sudden  demise,  on  the  occasion 
of  the  awarding  of  honorary  doctorates  at  the  University  of  Mexico,  it  was  for 
one  man  alone  that  the  whole  audience  gave  a  warm,  .spontaneous  standing 
ovation;  that  man  was  Dr.  Lsidor  Clinton  Rubin. 

Dr.  Rubin's  contributions  in  the  fields  of  ob.stetrics  and  gynecology  have 
been  many,  and  monumental.  As  far  back  as  1910,  he  was  concerned  with  the 
early  diagnosis  of  carcinoma  of  the  uterine  cervix,  the  condition  we  now  call 
carcinoma  in  situ.  The  last  sentence  of  his  first  paper  merits  quoting:  "The 
important  criteria  of  malignancy  in  these  early  cases  be  not  so  much  in  the  rela- 
tion of  the  cell  ne.sts  to  the  stroma,  the  depth  or  extent  of  epithelial  inva.sion, 
or  evidences  of  surrounding  inflammatory  changes,  as  in  the  intrinsic  morphology 
of  the  epithelial  cells." 

Following  this,  there  were  numerous  publications,  encompassing  the  field  of 
gynecology.  He  developed  and  popularized  hysterography,  which  contributed 
toward  the  improvement  in  the  diagnosis  and  technique  of  myomectomy.  He 
also  studied  the  effect  of  prolapse  of  the  uterus  on  the  renal  tract.  His  work  on 
the  physiologj^  of  the  tubes  and  on  uterine  endoscopy  led  to  the  development  of 
the  epoch-making  in.sufflation  test. 

Dr.  Rubin  had  the  unusual  gift  of  combining  clinical  acumen  with  accurate 
scientific  methods.  His  crowning  achievement  came  with  the  perfection  of  tubal 
insufflation  as  a  diagnostic  test  for  tubal  patency.  This  test,  universally  known 
as  the  Rubin  Test,  achieved  much  success  in  many  barren  women,  and  stimu- 
lated research  in  the  field  of  fertility;  and  soon  created  the  specialty  of  fertility 
and  sterility  as  a  branch  of  gynecology,  of  which  he  became  its  father  and  leader. 

On  the  occasion  of  his  75th  birthday,  he  was  honored  with  a  special  issue  of 
the  Journal  of  Fertility  and  Sterility,  which  contained  the  following  tribute: 
"Few,  except  gjmecologists,  are  aware  of  the  broad  dimensions  of  Dr.  Rubin's 
talent.  Had  he  not  given  us  kymographic  tubal  insufflation,  Dr.  Rubin  would 
have  been  appreciated  for  other  generous  contributions  to  his  chosen  field  of 
endeavor.  Like  a  sower  'who  had  followed  many  ploughs',  his  writings  show  an 
unusual  versatility  and  mark  him  as  a  sound  student,  avid  teacher,  astute  ob- 
server, encyclopedic  thinker,  and  keen  but  kindly  critic.  His  three  books,  the 
several  chapters  he  contributed  to  well-known  sy.stems  of  surgery  and  gynecol- 
ogy, and  the  140  articles  published  by  him  since  1910  are  not  only  enviable  ex- 
amples of  expository  writing  but  are  sufficiently  prolix  to  indicate  the  multiplic- 
ity of  his  interests." 

In  1947,  to  express  the  high  regard  in  which  he  was  held.  111  of  his  friends, 
associates,  and  pupils  presented  Dr.  Rubin  with  a  special  issue  of  the  Journal 
of  The  Mount  Sinai  Hospital,  a  Fe.stschrift  to  which  each  contributed  a  special 
article. 
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Though  Dr.  Rubin  belonged  to  the  world,  \w  still  cousideretl  Mount  Sinui 
his  home  and  in  a  lectureship  was  founded  in  liis  honor  at  The  Mount 

Sinai  Hospital.  The  first  lecture  was  given  by  I*rofe.ssor  Pasteur  Vallery-Hadot, 
on  "Allergic  Manifestations  of  Interest  to  the  Gynecologist";  this  lecture  was 
recorded  in  the  Journal  of  The  Mount  Sinai  Hospital.  The  second  lectiu'e  is 
scheduled  for  November  of  this  year,  and  should  serve  as  a  memorial  to  Dr. 
Rubin. 

We  have  lost  a  friend  and  teacher;  but  humanity  has  been  enriched  by  his 
Ufe,  which  will  be  a  source  of  stimulation  for  future  generations. 

Heartfelt  sympathy  is  extended  by  all  to  his  dear  wife,  Sylvia  Tnterberg 
Rubin,  who.se  strength,  loyalty,  and  devotion  supported  him  throughout  their 
married  life,  and  to  his  children  and  grandchildren  who  were  a  source  of  joy 
and  happiness  to  him. 


Seymour  Winipfheimer,  M.D. 
For 

Editorial  Board 
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In  the  proce.ss  of  fiber  formation  in  the  hv-er,  sevei'al  aspects  are  of  importance: 
(A)  the  types  of  fibrosis,  (B)  their  pathways  or  histogenesis  which  can  be  dis- 
cussed (a)  on  a  macroscopic  or  low  power  microscopic  level,  (b)  on  a  fine  struc- 
tural and  histochemical  level,  and  (c),  more  or  less  a  supplement  to  the  former, 
on  a  chemical  level,  and  (C)  their  functional  significance. 

This  study  is  based  on  human  autopsy  and  biopsy  material,  particularly  of 
the  stages  of  the  fatty  liver-cirrhosis  syndrome,  viral  hepatitis,  hemochromatosis, 
and  non-specific  reactive  hepatitis,  and  on  animal  investigations  with  experi- 
mental ethionine,  carbon  tetrachloride,  and  thioacetamide  intoxication,  after 
injection  of  carrageenin,  or  while  on  high  fat/low  protein  diets. 

Fibrosis,  in  the  sense  of  an  excess  of  hepatic  fibers,  may  be  found  either  in  the 
portal  tract  or  only  in  certain  portions  of  the  lobule.  Examples  are  centrolobular 
fibrosis,  particularly  in  cardiac  failure,  perilobular  fibrosis  resulting  in  diffuse 
enlargement  of  the  portal  tracts,  for  instance  m  chronic  cholecystitis,  granulomas 
and  hemochromatosis,  or  irregular  so-called  "stellate"  portal  fibrosis,  in  malnu- 
trition and  viral  hepatitis.  It  may  also  be  intralobular  after  focal  necrosis  or 
granulomas  (1).  These  types  of  fibrosis  do  not  disturb  the  lobular  architecture. 
This  has  to  be  contrasted  with  cirrhosis  which  has  far  greater  functional  and 
prognostic  significance.  Cirrhosis  is  characterized  by  the  formation  of  regenerative 
nodules  and  connective  ti-ssue  septa  (2.  3).  Such  septa  may  develop  either  actively 
by  accumulation  of  connective  tissue  or  passively  after  collapse  and  compression 
by  surrounding  nodules  (4). 

Preliminary  to  the  discussion  of  the  basic  mechanism  of  fiber  formation,  it 
appears  necessary  to  re^•iew  briefly  the  pathways  through  which  cirrhosis,  as  the 
most  significant  form  of  fibrosis,  develops  (5).  One  pathway  is  collapse  in  which, 
after  disappearance  of  the  epithelial  liver  cells,  the  preserved  framework  becomes 

From  the  Department  of  Pathology,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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approximated  and  local  fibrosis  results  without  any  actual  increase  in  the  number 
of  fibers.  This  collapse  nvdy  be  massive  and  include  all  li\'er  cells  in  a  lobule, 
submassive,  with  loss  of  irregular  but  contiguous  areas  of  one  or  several  lobules, 
or  focitl.  All  forms  may  l)e  seen,  for  instance,  in  viral  hepatitis.  Liver  cell  plates 
may  regenerate  and  thus  re-e.\pand  the  collapsed  area.  However,  collapse  be- 
comes permanent  (a)  if  all  liver  cells  have  been  lost,  (b)  where  exudate  interferes 
with  sinusoidal  blood  flow,  (c)  where  distortion  of  the  framework  hinders  in- 
growth of  the  liver  cell  plates,  or  (d)  where  the  framework  is  altered  by  new 
formation  of  fibers. 

The  interference  by  perisinusoidal  exudate,  as  seen  in  benign  vival  hepatitis 
characterized  by  single  cell  necrosis,  can  be  demonstrated  experimentally  in 
subacute  ethionine  intoxication  in  the  rat  where  single  cell  necrosis  is  also  seen. 
Upon  injection  of  India  ink  into  normal  rats,  the  ink  is  found  vmiformly  dis- 
tributed around  the  portal  vein  branch  whereas  in  rats  with  single  cell  necrosis 
only  a  few  sinusoids  are  filled  (6).  Regeneration  is  lacking  in  ischemic  areas  in 
such  rats  but  is  accentuated  in  areas  where  patent  and  probably  dilated  sinusoids 
are  found.  Distortion  is  particularly  conspicuous  in  submassive  collapse  when 
regeneration  of  persisting  tissue  alters  the  arrangement  of  the  collapsed  areas. 
In  collapse  the  reticulum  fibers  are  initially  approximated  only,  but  their  basic 
arrangement  is  preserved.  Under  such  circumstances  the  border  between  the 
connective  tissue  of  the  portal  tract  and  the  collapsed  framework  is  clearly 
apparent.  After  some  time  the  number  of  irregular  cross  fibers  greatly  increases 
and  distorts  the  original  arrangement  without  conspicuous  accumulation  of 
fibroblasts.  In  addition,  collagen  membranes  are  seen  and  the  border  between 
portal  tract  and  collapsed  parenchyma  becomes  hazy.  Such  a  postnecrotic 
collap.se,  large  as  it  may  be,  is  not  cirrhosis  if  the  surrounding  parenchyma  has 
not  been  altered,  as  in  atrophy  of  the  left  lobe  of  the  liver  or  in  syphilitic  hepar 
lobatum.  However,  in  collapse  associated  with  hepatitis  or  other  diffuse  dis- 
eases of  the  li\-er,  the  surrounding  parenchyma  is  not  entirely  normal  and  exhibits 
nodules  and  septa  as  expressions  of  cirrhosis  which  as  a  rule  are  irregular  in  dis- 
tribution. The  end  result  is  postnecrotic  cirrhosis,  characterized  by  such  features 
as  preservation  of  the  lobular  architecture  in  large  nodules,  broad  bands  of 
fibrosis,  and  excessive  regeneration. 

An  entirely  different  mechanism  of  fiber  formation  in  cirrhosis  is  diffuse  septa 
formation,  most  frequently  .seen  in  this  part  of  the  world  a.ssociated  with  fatty 
metamorphosis.  The  development  of  septa  under  these  circumstances  has  been 
explained  by  a  wide  variety  of  mechanisms.  These  include  the  formation  of 
membranes  from  the  center  of  the  lobule  where  usually  the  fat  accumulation  is 
the  most  marked  (7).  It  may  also  take  place  on  the  lobular  periphery  in  the 
form  of  radiating  membranes  which  condense  to  septa.  Here  fiber  formation  is 
not  necessarily  associated  with  fat  but  is  usually  found  around  bile  ductular 
structures.  Fibers  are  also  found  around  areas  of  hepatic  necrosis.  Finally,  mem- 
branes which  are  straight  on  three-dimensional  reconstructions  appear  to  separate 
territories  of  different  degrees  of  regeneration  (8).  Fusion  of  the  various  septa 
results  in  the  characteristic  subdivision  of  the  lobules  and  parallel  formation  of 
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regenerative  nodules  in  fatty  cirrhosis.  Apparently  fatty  metamorphosis  alone 
does  not  lead  to  cirrhosis  and  other  factors  producing  necrosis  are  required,  the 
fatty  liver  possibly  being  more  susceptible  to  them  (9,  10).  An  example  of  another 
type  of  diffuse  septal  cirrhosis  is  hemochromatosis,  better  studied  in  the  florid 
form  which  characterizes  secondary  hemochromatosis  than  in  the  slowly  de- 
veloping idiopathic  type.  The  liver  cell  plates  on  the  lobular  periphery  loaded 
with  iron  connect  with  abundant  bile  ductular  cells  rich  in  iron  and  surrounded 
by  excess  fibers.  Similarh^  extracellular  iron  in  the  portal  tracts  is  associated 
with  marked  increase  of  reticulum  fibers  and  only  in  later  stages  with  an  excess 
of  collagen  (11).  Chronic  passive  congestion  and  possibly  prolonged  exposure 
to  toxic  agents  result  in  the  same  type  of  lesion.  Granulomas  such  as  sarcoido.sis 
or,  rarely,  tuberculosis,  or  brucellosis,  with  .subsequent  fibroblastic  reaction 
leading  to  a  diffuse  septal  type  of  cirrhosis,  are  relatively  rare. 

A  third  type  of  cirrhosis  is  related  to  changes  in  the  bile  ducts  and  smaller 
bile  ductules.  This  is  the  so-called  primary  or  secondary  biliary  cirrhosis,  in 
both  of  which  fibers  accumulate  around  proliferated  ductules  in  the  periportal 
zone  of  the  lobular  parenchyma.  In  addition,  fibroblasts  may  accumulate  par- 
ticularly in  the  portal  tract  in  association  with  the  formation  of  thick  collag- 
enous fibers  and  membranes. 

The  three  different  pathways  of  cirrhosis  formation,  postnecrotic,  diffuse 
septal,  and  biliary,  none  nece.ssarily  characterizing  a  specific  etiology,  are  as- 
sociated with  several  basic  tj^pes  of  fiber  formation  (Table  I).  They  deserve 
consideration  not  only  from  an  academic  viewpoint  but  particularly  because 
rational  treatment  may  be  modified  according  to  the  type  of  cirrhosis.  The 
mechanism  of  collapse  and  of  fiber  formation  associated  with  the  presence 
of  fibroblasts  is  not  confined  to  the  liver  and  basic  .studies  in  other  organs  can 
be  applied.  The  .specific  problem  which  requires  additional  consideration  is 
fiber  formation  around  fatty  liver  cells,  damaged  liver  cells  and  ductular  cells. 
For  this  it  was  advantageous  to  study  the  distribution  of  fibers  in  the  normal 
liver  not  only  in  routine  sections  but  particularly  in  ultrathin  .sections  made 
with  the  microtome  used  for  the  electron  microscope  as  applied  by  Churg  and 
Grishman  for  the  studj'  of  renal  disease  (12). 

The  normal  liver  cell  has  no  material  within  its  cj'toplasm  giving,  after  re- 
moval of  glycogen  by  diastase,  a  periodic  acid  SchifT  (PAS)  reaction,  but  has 
a  fine  layer  of  PAS  positive  material  on  its  base,  part  of  which  is  amorphous 
and  part  appears  fibrillary.  It  seems  to  indicate  the  border  between  liver  cells 
and  .sinusoids.  A  few  Kupffer  cells  exhibit  .small  PAS  positive  granules.  In 
chromotrope  aniline  blue  stains,  this  zone  appears  hazy  and  purple  and  barely 
recognizable  fine  bluish  reinforcements  are  seen.  These  bluish  reinforcements 
in  chromotrope  stains  are  clearly  impregnated  with  silver  and  are  assumed 
to  be  reticulum  fibers  (Fig.  lA).  In  thin  sections  this  layer  is  a  row  of  fine  black 
points  or  short  da.shes. '  They  are  therefore  cross  sections  or  tangentially  cut 
fibers  (13)  (Fig.  IB).  Collagenous  fibers,  recognized  by  their  brown  color  in 
the  silver  impregnation  and  their  distinct  staining  with  acid  fuchsin  (van  Gie- 
son),  are  seen  only  as  occasional  reinforcements  within  the  parenchyma  and 
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TABLE  I 
Mechanisms  of  Fiber  Formation 
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(cholangiole.s),  which  are  the  coinicction.s  between  the  bile  canaliculi  and  the 
bile  duct.s,  a  continuou.s  black  line  is  seen  even  in  thin  sections  in  silver  im- 
pregnations. It  is  thus  a  membrane  in  the  .sense  of  a  basement  membrane  al- 
though it  is  interrupted  in  places  (Fig.  2).  It  also  gives  a  PAS  reaction  and  a 
distinct  blue  color  with  chromotrope  stains.  Around  damaged  liver  cells  with 
vacuolated  and  coagulated  cytoplasm,  as  in  \  iral  hepatitis  and  florid  cirrhosis, 
a  thicker  purple  layer  is  noted  in  chromotrope  stains  which  gi\-es  an  amorphous 
PAS  positive  reaction  and  positive  reactions  with  colloidal  iron  and  Alcian 
blue.  Under  these  conditions,  a  few  irregular  granules  with  similar  staining 
reactions  may  be  found  in  the  liver  cell  cytoplasm  and  more  distinctly  stained 
granules  are  found  in  the  Kupffer  cells  (Fig.  3A).  In  the  latter  the  granules 
\'ary  greatly  in  size.  Moreo^•er,  on  the  base  of  the  liver  cell,  an  almost  continuous 
PAS  positive  line  which  is  blue  in  chromotrope  stains  appears  either  as  more 
points  or  as  longer  da.shes  in  thin  sections  impregnated  with  silver,  suggesting 
a  transition  into  a  basement  membrane  similar  to  that  of  bile  ductular  cells. 
This  surrounds  even  cells  which  are  much  larger  than  normal,  excluding  an 
accumulation  of  fibers  caused  by  loss  of  shrinkage  of  cells  (Fig.  3B).  Around 
cells  with  fatty  metamorphosis  even  without  cytoplasmic  clumping,  a  similar 
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Fig.  l.B. 


Fig.  1.  Normal  human  liver  (.silver  impregnation).  A.  6-micron  thick  section  (400X). 
Irregular  network  of  interwoven  fibers  frequently  producing  the  appearance  of  continu- 
ous basement  membrane.  B.  1-micron  thick  .section  f630X).  Reticulum  framework  repre- 
sented by  individual  fibers  appearing  in  .section  a.s  a  row  of  black  dots. 

membrane  is  noted  which  .'sometimes  is  even  duplicated  and  in  extreme  cases 
it  gives  a  collagen  reaction.  In  silver  impregnations  a  brown  material  is  con- 
tiguous with  the  fibers.  This  may  or  may  not  be  associated  with,  accumulation 
of  the  amorphous  PAS  positive  material.  Fibroblasts  are  not  seen.  Similar 
PAS  positive  material  in  the  cytoplasm  of  liver  cells,  and  particularly  in  the 
Kupffer  cells,  and  in  amorphous  and  fibrillar  forms  on  the  sinusoidal  surface 
of  the  liver  cells,  are  .seen  in  ethionine  intoxication  in  which  single  cell  necrosis 
and  hepatocellular  degeneration  is  present  (14).  This  is  typically  associated 


HKI'ATIC  FIHKOSl.S:  I'ATHWAV.S  AM)  MIXHAMSM 


383 


Fig.  2.  Proliferated  iluctule  in  post  nee  rot  ie  eirrho.sis,  surrountled  by  a  eontinuous  aji- 
pearing  basement  memljrane.  The  outline  of  the  lumen  (arrow)  is  impregnated  (silver 
impregnation  of  1-micron  thick  section).  (900X ) 

with  accumulation  of  cells  between  the  liver  cell  plates  which  are  intermLxed 
with  segmented  leucocytes  in  acute  stages.  They  have  oval-  and  spindle-shaped 
nuclei  and  arrange  themselves  occasionally  as  ductules.  The  nature  of  these 
cells,  called  oval  cells  by  Farber,  has  been  the  subject  of  much  argument  (14). 
Upon  injection  of  India  ink  into  the  bile  duct  of  a  rat,  a  fine  canalicular  system 
is  injected  between  these  cells  which  are  mesenchj^mal  in  appearance,  indicating 
their  epithelial  origin.  Aroiuid  such  organized  and  unorganized  appearing 
ductular  cells,  a  large  amount  of  amorphous  and  fibrillar  PAS  positive  material 
can  be  seen,  and,  in  sih'er  impregnations,  increased  fibers  as  well  as  continuous 
membrane  can  be  recognized  even  in  very  thin  sections.  Many  of  these  fibers 
and  membranes  in  contact  with  the  ductular  cells  continue  into  the  interstitial 
tissue  independently  from  them.  Frequently  the  membranes  are  in  multiple 
layers,  especialh'  where  ductular  cell  reaction  is  most  conspicuous.  Fibroblasts 
are  not  recognized.  The  relation  of  fiber  formation  to  ductular  cell  proliferation 
is  especially  conspicuous  in  cholangiofibrosis  and  also  in  the  far  advanced  and 
collapsed  stage  of  the  ethionine  cirrhosis  in  which  collagenous  membranes 
around  ductular  cells  account  for  the  bulk  of  the  fibrosis.  Such  ductular  cells 
seem  to  arise  from  bile  ducts  and  ductules  in  most  instances.  In  the  florid  stages 
of  ethionine  intoxication,  transitions  between  liver  cells  and  ductular  cells 
are  apparent  and  recent  investigations  imply  that  during  embryologic  devel- 
opment ductular  cells  are  deri\-ed  from  liver  cells  rather  than  \-ice-versa  (15). 

Similar  fibrosis  associated  with  ductular  cell  reaction  is  seen  in  man  in  and 
around  the  portal  tract,  particularh'  in  cirrhosis  or  biliary  obstruction.  In  both 
instances  it  is  again  associated  with  acciunulation  of  reticulum  fibers  and  in 
florid  stages  with  the  PAS  positive  amorphous  material.  ^ 
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Fig.  3.B. 


Fig.  3.  A.  Periodic  acid  Schiff  reaction  in  6-micron  thick  section  of  acute  hepatitis. 
Positive  reaction  of  granules  in  liver  cells  Carrowsi.  Kupffer  cells  and  material  on  the 
sinusoidal  base  of  the  liver  cell.  '6.30X  )  B.  Silver  impregnation  of  1-micron  thick  .section 
of  nutritional  fatty  liver.  The  cells  are  surrounded  in  many  places  by  a  continuous  ap- 
pearing membrane  ob\-iously  derived  from  aggregation  of  fibers.  (630Xi 

Two  types  of  material  can  be  demonstrated  on  the  sinusoidal  smi'aee  of 
liver  cells  and  in  increased  amounts  near  damaged  and  fatty  liver  cells  as  well 
as  around  ductules,  especiall}-  proliferating  and  disorganized  ones.  One  is  fibril- 
lar, black  in  silver  impregnation,  gives  a  positive  PAS  reaction  and  aniline 
blue  reaction,  metachromasia  after  sulfation,  and  is  not  digested  b\-  trj-psin 
or  hyaluronida.se.  Thus  is  reticulum  and  tran.sitions  into  collagen  can  be  seen 
in  silver  impregnations  and  van  Gieson  .stains.  The  second  sub.stance  is  amor- 
phous on  the  sinusoidal  border  of  the  hver  cell  and  granular  in  the  Uver  and 
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Kupffer  cells.  In  damaged  liver  cells  and  in  Kupffer  cells  proliferating  in  the 
presence  of  damaged  liver  cells,  this  substance  gives  a  positive  PAS  reaction, 
appears  purple  in  chromotrope  aniline  blue  stains,  is  metachromatic  on  sulfa- 
tion, and  at  least  partly  gives  a  reaction  with  colloidal  iron  and  Alciau  blue 
like  that  of  acid  mucopolysaccharides.  It  is  digested  by  trypsin  and  loses  its 
PAS  reaction  on  acetylation.  This,  howex'er,  returns  on  chromation.  It  is  not 
destroyed  by  hyaluronidase,  pectinase,  or  ribonuclease  and,  therefore,  niost 
probably  it  is  a  polysaccharide  protein  complex.  From  its  morphological  be- 
haviour, it  can  be  assumed  to  serve  as  the  matri.x'  for  the  formation  of  the  sclero- 
proteins,  collagen  and  reticulum  just  as  this  is  assumed  to  occur  in  fil^rogenesis 
anywhere  in  the  body  (16,  17). Tn  general,  fibroblasts  apparently  secrete  into 
the  tissue  spaces  sulfated  polysaccharides  which  serve  as  the  basis  of  fibers. 
S'^°  appears  shortly  after  administration  in  the  fibroblasts  of  the  skin  and  after 
two  hours  in  the  fibers  (18). 

The  mechanism  of  formation  of  both  the  amorphous  and  the  fibrillar  sub- 
stances in  the  liver  has  been  incompletely  elucidated.  Fibers  form  in  the  liver 
in  the  vicinity  of  fibroblasts  and,  in  tissue  cultures  of  liver,  fiber  formation 
from  fibroblasts  with  production  of  hyaluronic  acid  has  been  shown  (19).  How- 
ever, in  the  characteristic  instances  of  human  cirrhosis,  no  or  few  fibroblasts 
are  seen.  The  question  arises  whether  the  Kupffer  cells  act  as  fibroblasts  or 
whether  fiber  formation  occurs  without  assistance  from  mesenchymal  cells. 
In  tissue  cultures  of  non-hepatic  connective  tissue,  fibers  are  formed  without 
fibroblasts  (20),  and  in  lower  animals  fibrils  of  the  basement  membrane  of 
the  skin  are  formed  by  epithelial  cells  (21,  22). 

The  perisinusoidal  amorphous  material,  presumably  the  matrix,  could  l^e 
produced  by  liver  cells  or  by  Kupffer  cells,  or  could  be  derived  from  the  blood- 
stream. Origin  from  the  bloodstream  as  the  result  of  altered  permeability  of 
the  sinusoidal  wall  in  the  presence  of  liver  damage  re\'ives  the  old  argument 
of  serous  inflammation  (23,  24).  However,  electron  microscopic  studies  have 
failed  to  demonstrate  the  existence  of  a  continuous  sinusoidal  membrane  (25). 
Whether  the  perisinusoidal  material  is  identical  with  the  granules  in  the  cyto- 
plasm of  damaged  liver  cells  and  of  Kupffer  cells  remains  to  be  investigated, 
despite  the  similar  reactions  with  the  histochemical  techniques  applied.  The 
relation  to  the  Kupffer  cells  is  of  particular  intei'est  since  the  Kupffer  cells, 
in  the  absence  of  fibrobla.sts,  could  possibly  act  as  such  by  providing  the  matrix 
for  fiber  formation. 

The  increase  of  the  pericellular  material  in  acute  fibrosis  speaks  in  fa\'or 
of  the  argument  that  the  PAS  positive  granules  in  the  Kupffer  cells  are  a  fiber 
precursor.  However,  the  Kupffer  cells  could  act  as  scavengers  and  the  granules 
would  then  be  extracellular  or  intracellular  material  that  has  undergone  phago- 
cytosis. This  is  supported  by  (a)  the  great  variation  in  the  size  of  the  granules, 
(b)  their  distinct  increase  near  by  damaged  liver  cells,  (c)  their  presence  in 
portal  macrophages,  and  (d)  their  lack  of  continuity  with  extracellular  amor- 
phous material.  On  the  other  hand  the  Kupffer  cell  granules  are  not  li\-er  cell 
breakdown  products  (wear-and-tear  pigment)  since  they  are  not  fiuoi-escent, 
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acid  fast,  and  give  no  Sudan  black  reaction  as  does  lipofuscin  in  hepatic  macro- 
phages primarily  in  the  portal  tract. 

The  increased  formation  of  the  fibers  themselves  takes  place  around  altered 
liver  cells  exhibiting  cytoplasmic  coagulation  or  fatty  metamorphosis  or  around 
ductular  cells  particularly  when  they  proliferate.  In  all  these  instances  the 
reticulum  fibers  are  replaced  by  membranes,  or  preformed  membranes  are 
duplicated,  associated  with  the  appearance  of  protein  which  contains  poly- 
saccharides. The  damage  of  the  liver  cells  may  be  the  common  factor  causing 
membranes  to  form  around  them  and  ductular  cells  can  in  this  respect  be  con- 
sidered dedifferentiated  hepatic  cells.  One  can  thus  assume  that  dedifferentia- 
tion  of  hepatic  cells  stimulates  fiber  formation.  This  does  not  imply  that  epi- 
thelial cells,  either  damaged  liver  cells  or  ductular  cells,  act  as  fibroblasts  by 
forming  fibers.  The  histologic  evidence  so  far  suggests  that  they  act  as  a  mold 
inducing  or  determining  the  new  formation  of  fibrillar  material,  sometimes 
encasing  markedly  enlarged  cells  (Fig.  4). 

The  concept  presented  found  some  support  in  recent  experiments  with  in- 
jection of  carrageenin,  a  polysaccharide  derived  from  Irish  moss  (26,  27),  into 
the  liver  (28).  This  has  been  used  in  histochemical  studies  of  fibroplasia  in 
skin.  Injection  of  carrageenin  into  the  hepatic  parenchyma  results  within  two 
days  in  development  of  an  area  of  massive  necrosis  surrounded  by  a  zone  in 
which  fibroblasts  are  found  imbedded  in  a  ground  substance  with  character- 
istic PAS  and  acid  mucopolysaccharide  reactions.  The  fibroblasts  with  vesicu- 
lar nuclei  are  PAS  negative  and  seem  to  develop  from  both  Kupffer  cells  and 
adventitial  cells  of  arteries  and  capillaries.  Simultaneously  the  ductular  cells 
proliferate  profusely,  are  bizarre  in  shape,  are  piled  up,  exhibit  mitoses,  and  are  sur- 
rounded by  PAS  positive  membranes  often  several  in  number  Frequently  duct- 
ular cells  seen  outside  the  ductules  cannot  be  sharply  separated  from  fibroblastic 
ceUs.  PAS  positive  fluorescent  macrophages  are  found  on  the  edge  of  the  lesion. 
After  about  three  days,  abundant  reticulum  is  formed  in  approximation  to  the 
ductular  cells  but  some  of  the  fibers  around  the  ductular  cells  continue  away 
from  them.  This  violent  fibroblastic  reaction,  which  illustrates  rapid  forma- 
tion of  ground  substance  and  reticulum  in  the  vicinity  of  fibroblasts  and  duc- 
tular cells,  subsides  within  two  weeks.  It  is  protracted  by  the  administration  of 
cortisone  and  shows  more  bizarre  and  abundant  ductular  ceU  reaction  in  livers 

LIVER  CELLS 
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PROLIF- 
ERATING_ 

Fig.  4.  Schematic  drawing  indicating  fibrillar  and  amorphous  material  on  the  base  of 
the  liver  cells. 
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with  ethionine  iiuliu-cd  chunges.  The  reaction  is  significantly  lUtered  in  rats 
which  were  exposed  to  the  lathyrus  factor  (29)  or  guinea  pigs  which  have  been 
made  scorbutic  (30). 

The  actual  contribution  of  the  various  colls  in  the  liver  to  the  formation  of 
both  the  polysaccharide  proteins  (mucoprotein)  and  scleroproteins  (reticulum 
and  collagen)  re(iuires  further  study.  Chemical  analj^sis  may  provide  some 
insight.  The  amino  acid,  hydroxj'proline,  is  found  almost  solely  in  collagen, 
of  which  it  is  approximately  14  per  cent.  Other  amino  acids  such  as  proline 
and  glycine  are  found  also  in  other  tissue  proteins  including  the  hepatic  paren- 
chj-mal  cells.  The  h\tlroxyproline  content  of  tissue  has  therefore  been  used 
as  a  measure  of  its  collagen  content  (31,  32)  and  this  checks  well  with  older 
measur(>s,  which  were  based  on  simple  physical  criteria  utilizing  the  extraction 
of  gelatin  from  hepatic  tissue  (33).  Le.ss  is  known  about  the  amino  acid  concen- 
tration of  reticulum,  the  other  scleroprotein.  From  the  available  evidence 
based  on  the  examination  of  reticulum  in  kidney  and  other  places,  glycoproteins 
and  lipoproteins  are  present  (34).  In  confirmation  of  previous  studies,  partic- 
ularly those  of  Morrione  (31,  32),  the  hydroxyproline  content  of  cirrhotic  liver 
was  found  to  be  significantly  elevated.  Hydroxyproline  was  determined  not 
only  in  dehydrated,  fat-free,  whole  liver  tissue  primarily  consisting  of  the  hepa- 
tic proteins,  but  also  in  several  fractions  of  this  material.  Of  particular  interest 
has  Ijeen  the  fraction  extractable  by  0.1  X  XaOH,  considered  to  contain  pro- 
collagen (35).  It  appears  to  be  relatively  increased  in  human  cirrhosis  and  in 
livers  of  infants.  The  ratio  l)etween  XaOH-soluble  and  total  hydroxyproline 
averages  0.20  in  the  adult  human  liver,  0.40  in  the  cirrhotic  liver,  and  0.47 
in  infant  livers.  To  obtain  reproducable  conditions  with  acute  new  formation 
of  scleroproteins,  experimental  ethionine  intoxication  in  the  rat  was  used. 
While  on  control  diets,  the  hydroxj'^proline  concentration  remains  constant, 
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around  0.1  per  cent  of  defatted  liver;  it  rises  precipitously  on  the  ethionine 
diet  in  the  seventh  week  to  more  than  three  times  the  normal.  The  greatest 
part  of  this  rise  is  in  the  procollagen  fraction  soluble  in  NaOH.  Parallel  with 
this  rise,  NaOH  soluble  protein  is  elevated  (Fig.  5).  Simultaneously,  the  hexo.s- 
amine  content  rises,  again  particularly  in  the  soluble  fraction.  Histologically, 
at  this  time,  the  reticulum  is  very  conspicuously  increased  and  this  is  reflected 
in  this  chemical  data.  The  nature  of  the  soluble  protein  is  uncertain.  It  can  be 
extracellular  protein  used  in  fiber  formation,  hepatocellular  breakdown  prod- 
ucts, or  cytoplasm  of  proliferated  ductular  cells.  No  significant  rise  in  proline 
occurs  in  the  total  liver  tissue,  but  a  recognizable  peak  is  seen  in  the  NaOH 
soluble  proline  fraction  preceding  the  rise  of  hydroxyproline  (Fig.  6).  The  curves 
suggest  a  precursor  relationship  in  that  proline  is  made  available  from  the 
total  proline  of  the  parenchymal  cells,  and  converted  to  hydroxyproline  to 
form  procollagen,  necessary  in  the  formation  of  collagen.  Taking  the  chemical 
and  histologic  evidence  together,  both  admittedly  fragmentary  and  in  need  of 
further  study,  it  appears  that  during  the  time  of  the  most  active  fibrosis,  at 
least  in  the  ethionine  liver,  an  excess  of  extracellular  poly.saccharide  is  visible 
around  the  liver  cells,  while  a  NaOH  soluble  and  subsequently  insoluble  sclero- 
protein  is  formed  utilizing  hepatic  proline,  which  is  partly  transformed  into 
hydroxyproline.  The  relative  roles  of  reticulum  and  collagen  in  this  proce.ss 
are  not  clarified  and  it  would  probably  be  unrewarding  to  speculate  to  what 
degree  procollagen  may  be  related  to  reticulum. 

Assessing  the  significance  of  hepatic  fibrosis  is  a  major  challenge.  The  inter- 
position of  a  mucoprotein  or  scleroprotein  material  between  sinusoids  and  liver 
cells  must  interfere  with  some  hepatic  functions.  Normal  liver  cells  have  micro- 
villi on  their  base  dipping  into  the  sinusoids,'  and,  at  least  under  the  electron 
microscope,  no  definite  membrane  seems  to  separate  them  from  the  bloodstream 
(36).  The  ductular  cells  are  devoid  of  these  microvilli  but  a  basement  mem- 
brane is  seen.  Further  electron  microscopic  studies  will  have  to  demonstrate 
whether  fatty  or  damaged  liver  cells  have  a  similar  straight  sinusoidal  base 
as  an  indication  of  a  disturbance  of  the  normal  exchange  of  metabolites  be- 
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Fig.  6.  Proline  content  of  defatted  dried  liver  and  proline  and  hydroxyproline  content 
in  the  fraction  soluble  in  0.1  N  NaOH  of  control  rats  kept  for  several  weeks  and  of  rats 
on  a  synthetic  diet  containing  0.5%  ethionine. 
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t\v(HMi  livor  aiul  blood  and  if  disappearance  of  the  villi  pn^cedcs  the  nieinbrane 
formation. 

The  interruption  of  the  bile  flow  through  such  a  connective  tissue  accunmla- 
tion  can  easily  be  visualized  in  primary  and  secondary  biliary  cirrhosis,  in  both 
of  which  an  intrahepatic  obstructive  phenomenon  parallels  the  development 
of  a  thick  fibrotie  layer  and  bile  retention  in  the  peripheral  hepatic  cells. 

The  functional  significance  of  the  coimective  tissue  septa  in  cirrhosis  is  well 
established.  They  carry  multiple  ves.sels  which  form  anastomoses  between 
hepatic  arterj',  portal  vein  and  hepatic  \ein.  By  shunting  blood  from  the  hepa- 
tic parenchyma  and  by  transmitting  hepatic  arterial  pressure  into  the  portal 
vein,  they  create  many  of  the  cardinal  .symptoms  of  cirrhosis  (37). 

In  conclusion,  hepatic  fibrosis  poses  basically  the  same  problems  as  accumu- 
lation and  new  formation  of  fibrous  tissue  anywhere  else,  modified  (a)  by  the 
conspicuous  participation  of  altered  epithelial  elements  in  determining  fiber 
formation,  and  (b)  by  con.sequences  which  are  related  to  the  endocrine,  meta- 
bolic, and  excretory  functions  of  the  liver  and  to  its  double  blood  supply. 
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POLIOMYELITIC  PROPERTIES  OF  CERTAIN  XOX-POLIO  MRl'SES: 
ENTEROVIRUSES  AND  IIEINE-MEDIX  DISEASE* 


ALEX  J.  STKIC.MAN,  M.D.t 
Louisville,  Kij. 

Doctor  Schick,  Doctor  Ilodes;,  Ladies  and  Gentlemen: 

I  am  most  appreciative  of  the  honor  of  appearing  tonight  as  the  Schick  Lec- 
turer. To  the  Scliick  lecturer  of  1044,  Doctor  Albert  B.  Sabin,  I  owe  much  of  my 
understanding  of  experimental  poliomyelitis  in  animals,  and  to  the  Schick  Lec- 
turer of  1952,  Doctor  John  Enders,  my  first  experiences  with  tissue-culture 
techniques.  But  I  must  at  once  absolve  these  gentlemen  from  any  responsibility 
for  my  remarks  which  may  still  be  considered  by  some  as  speculative  or  even 
deviant.  Speaking  of  enteroviruses  and  paralytic  disease  only  last  month  Doctor 
Gilbert  Dalldorf  (1)  said,  "At  the  time  many  workers  hesitated  to  accept  these 
viruses  as  significant  human  pathogens  and  Steigman's  views  were  received  with 
some  skepticism." 

The  chief  point  which  I  should  like  to  develop  tonight  is  that  the  clinical  and 
pathological  state  which  we  call  acute  anterior  poliomyelitis  may  l)e  a  syndronie 
of  multiple  etiologj-  and  is  not  necessarily  synonomous  with  poliovirus  infection. 
I  shall  cite  some  personal  observations  in  some  of  which  Doctors  Kokko,  Lipton 
and  Ranzenhofer  ha^•e  variously  participated;  I  shall  refer  to  recent  observa- 
tions of  others;  and  I  shall  discuss  the  possible  meaning  of  some  of  these  findings. 
My  concern  will  be  largely  with  hiunan  neurologic  disease  with  particular  em- 
phasis on  clinical  paralytic  poliomyelitis.  + 

The  speed  with  which  the  ^•irological  work  in  this  field  has  moved  is  astonishing. 
Only  ten  years  ago  it  became  generally  agreed  that  there  are  three  serotypes  of 
polio\-irus  and  that  to  them  should  be  ascribed  the  entire  tragic  toll  of  anterior 
poliomyelitis.  But  very  recently  it  became  appropriate  to  group  vmder  the  major 
heading  of  enteroviruses  three  large  families  and  their  currently  recognized  indi- 
vidual members,  nameh':  poliovirus  with  its  three  types;  the  coxsackie  viruses 
of  which  Group  A  has  to  date  nineteen  numbered  types  and  the  Group  B  with 
five  numbered  types;  and  thirdlj^  the  ECHO  family  with  nineteen  individual 
members  today  (4).  Generally  speaking,  these  three  major  families  are  separable 

From  the  Kentucky  Child  Health  Foundation  Laboratory,  The  Children'.s  Hospital 
and  the  Loui.sville  General  Hospital,  Louisville,  Ky. 

*  The  Fifteenth  Annual  Bela  Schick  Lecture,  presented  April  9,  1958  at  The  Mount 
Sinai  Hospital,  New  York,  N.  Y. 

t  Chairman,  Department  of  Pediatrics,  University  of  Louisville  School  of  Medicine, 
Louisville,  Kentucky. 

X  The  clinical  and  pathological  criteria  enumerated  in  a  booklet  of  The  National  Founda- 
tion for  Infantile  Paralysis — "Definitive  and  Differential  Diagnosis  of  Poliomj-elitis" — 
will  be  adhered  to  largely  as  will  the  nomenclature  criteria  for  paralytic  and  nonparalytic 
disease  recommended  bv  the  W.H.O.  E.xpert  Committee  on  Poliomyelitis,  July,  1957 
(2,3). 
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on  the  basis  of  certain  pathological  changes  which  they  produce  in  a  variety  of 
experimental  hosts  and  the  individual  serotype  members  are  distinguishable  on 
immunological  grounds.  Most  members  of  all  three  families  have  a  great  many 
physical,  chemical,  biological  and  epidemiological  characteristics  in  common  with 
one  another;  these  will  not  be  detailed  here.  From  the  standpoint  of  tonight's 
discussion,  the  fact  that  they  all  inhabit  the  human  alimentary  tract  and  may  on 
occasion  invade  the  central  nervous  system,  will  be  the  focus  of  interest.  I  shall 
choose  to  take  more  interest  in  the  similarities  among  these  families  of  viruses 
than  in  their  immunological  differences. 

From  the  standpoint  of  human  disease,  what  a  given  strain  of  virus  does  is 
vastly  more  important  than  what  it  is  called  in  serological  baptism.  In  addition 
to  more  mundane  likenesses,  there  are  even  some  serological  relationships 
amongst  the  three  large  families  of  enteroviruses.  The  evolutionist  must  be 
sorely  tempted  to  believe  that  they  originated  from  a  common  stem. 

I  would  like  to  pass  on  now  to  the  following  personal  observations. 

Coxsackie  Virus,  Group  B,  Type  2,  Producing  Paralytic  Poliomyelitis  in  a  Monkey 

In  the  summer  of  1947  in  Cincinnati,  Sabin  and  Steigman  conducted  a  study 
of  "epidemic  summer  grippe  or  sore  throat"  in  children  (5).  Tests  in  monkeys 
revealed  neuronal  lesions  of  a  nature  and  distribution  ascribable  to  poliovirus. 
Inability  to  serially  transmit  paralysis  in  monkeys  led  to  the  conclusion  that  the 
patients  concerned  were  eliminating  a  strain  of  poliovirus  of  limited  capacity 
for  multiplication  in  the  nervous  system  of  the  monkey.  The  donor  of  one  of 
these  specimens,  W.  H.  age  three  years,  had  such  an  undifferentiated  febrile 
illness  with  no  clinical  evidence  of  aseptic  meningitis  and  no  pleocytosis  of  his 
cerebrospinal  fluid.  His  alimentary  specimens  produced  neuronal  lesions  in 
Rhesus  monkeys,  one  of  whom  was  prostrate  seven  days  after  nasal,  cerebral 
and  peritoneal  inoculation.  The  following  is  quoted  from  our  findings,  "Histo- 
logical examination  revealed  acute  poliomyelitic  lesions  in  the  medulla,  mid- 
brain, thalamus  and  olfactory  lobes  but  not  in  spinal  cord.  In  the  medulla  there 
was  almost  complete  bilateral  destruction  of  the  dorsal  motor  nuclei  of  the  vagus, 
with  acute  necrosis  of  the  nerve  cells."  Cerebral  subinoculation  into  two  other 
Rhesus  monkeys  with  a  twenty  per  cent  suspension  of  this  animal's  medulla 
resulted  in  histologically  confirmed  nonparalytic  poliomyelitis  in  both  monke3^s. 
That  medulla  and  spinal  cord  were  kept  frozen.  After  Dalldorf  introduced  the 
suckling  mouse  method  for  Coxsackie  viruses  I  was  able  to  recover  from  the 
medulla  and  also  from  the  spinal  cord  (which  was  free  of  lesions)  a  virus  identified 
as  Coxsackie  Group  B,  Type  2.  Substantial  confirmation  of  the  fact  that  this 
monkey's  central  nervous  system  harvested  only  seven  days  after  inoculation  of 
the  human  specimens  did  not  also  contain  poliovirus  comes  from  the  fact  that 
when  mixed  with  Freund's  adjuvants  and  inoculated  into  other  monkeys,  the 
resulting  serum  contains  no  poliovirus  antibodies,  only  Coxsackie  B2  antibody. 
The  patient  developed  antibody  to  the  Coxsackie  B2  virus  in  convalescence.  The 
conclusion  seemed  inescapable  that  in  this  monkey,  and  those  subinoculated 
with  his  medulla,  there  had  appeared  histologically  typical  acute  poliomyelitis 
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and  nonpanih'tic  poliomyelitis  rospoctivcly,  ;iscrihnl)le  to  Coxsackio  B2  virus 
and  not  to  polioviius. 

Acute  Parahjlic  Poliomyelitis  in  the  J  In  man  lUsuUing 
From  Coxsackie  Bo  Virus  Injection 

In  1952  two  brothers,  ages  three  and  six  years,  were  hospitalized,  one  with  a 
trivial  febrile  illness  associated  with  mild  nuchal  rigidity  without  pleocytosis,  the 
other  with  clinical  paralytic  poliomyelitis,  pleocytosis  and  resulting  residual 
atropiiy  of  the  right  deltoid  and  the  abdominal  muscles  detectable  at  the  final 
check-up  examination  fifteen  months  later.  From  the  alimentary  tract  of  one 
was  isolated  a  Coxsackie  Bo  virus  with  a  homologous  rise  in  antibody  titer  of 
from  1:10  to  1:256  between  the  admission  serum  and  the  serum  taken  fifteen 
days  after  onset,  and  in  the  other,  in  whom  serum  was  a\'ailable  one  day  after 
onset,  a  rise  of  titer  from  1 :4  to  1 :8192  against  homologous  virus.  No  alteration 
of  neutralizing  antibody  titer  to  the  three  serotypes  of  poliovirus  was  discernible. 
The  serum  of  monkeys  inoculated  with  the  patients'  alimentary  material  and 
their  initial  isolates  in  tissue  culture  revealed  no  polioantibody  but  antibody  to 
the  Cjxsackie  Bo  virus.  At  the  time  it  was  still  widely  held  that  the  Coxsackie 
viruses  had  not  been  shown  to  produce  any  kind  of  illness  of  the  human  central 
nervous  system.  In  \  iew  of  my  observation  of  monkey  paralytic  poliomyelitis 
ascril)able  to  Coxsackie  B2  virus,  it  did  not  seem  incredible  that  this  particular 
Coxsackie  B5  virus  strain  was  responsible  for  the  residual  paralysis  in  the  young- 
ster just  described  (6). 

Fatal  Paralytic  Poliomyelitis  in  a  Child  Ascribed  to  ECHO   Type  2  Virus 

In  1952  T.  T.,  a  two  year,  four  month  old  girl,  was  admitted  to  another  hospi- 
tal because  of  abrupt  onset  of  high  fe\'er,  irritability,  stiff  neck.  She  was  found  to 
have  clinical  signs  of  meningitis  with  pleocyto.sis  of  1 170  cells  per  cu.  mm.,  ninety 
per  cent  polymorphous;  a  white  blood  count  of  20,000  per  cu.  mm.,  ninety  per 
cent  polymorphous,  and  appeared  acutely  ill.  Within  forty-eight  hours  she 
developed  weakness  of  both  lower  extremities  and  of  the  diaphragm  and  inter- 
costal muscles,  leading  to  transfer  to  the  Children's  Hospital.  Here  she  was  found 
to  have  the  signs  of  spinal  parah'tic  poliomyelitis  with  respiratory  insufficiency; 
a  discrete  macular  rash,  consisting  of  several  dozen  scattered  lesions  of  the  chest 
and  upper  abdomen,  were  duly  noted.  (It  is  of  interest  that  this  was  recorded  as 
at  the  time  the  term  ECHO  virus  had  not  been  coined  nor  any  association  with 
eruptions  suspected.)  In  short,  her  subsequent  course  in  the  ensuing  sixteen  days 
was  that  of  bulbospinal  paralytic  poliomyelitis  with  the  pulmonary  complica- 
tions not  infreciuentlj'  seen  in  a  tracheotomized  small  child  treated  in  a  respirator. 
Death  thus  occurred  eighteen  days  following  on.set  of  illness.  Post  mortem  exam- 
ination revealed  the  typical  findings  associated  with  fatal  bulbo-respiratory 
poliomyelitis.  The  lungs  revealed  acute  purulent  bronchitis  and  scattered  areas 
of  pneumonitis.  The  .sections  of  the  central  nervous  system  revealed  the  typical 
distribution  and  character  of  lesions  ordinarily  associated  with  poliovirus.  The 
cerebral  cortex  showed  no  microscopic  changes  apart  from  some  scattered  round 
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cell  infiltration  in  the  meninges.  In  the  midbrain  intensive  ganglion  cell  loss  was 
noted,  particularly  in  the  substantia  nigra  on  one  side  and  to  a  lesser  extent  in  the 
contalateral  red  nucleus,  together  with  mild  ganglion  cell  loss  in  the  reticular 
formation.  The  pons  revealed  extensive  ganglion  cell  de.struction  involving  most  of 
the  nerve  nuclei,  their  sites  consisting  of  .spongy  glial  tissue  with  either  no  gan- 
glion cells  or  just  a  few  necrotic,  .swollen  non-nucleated  remnants.  A  number  of 
gitter  cells  were  scattered  throughout  and  there  was  considerable  perivascular 
lymphocytic  cuffing.  The  medulla  revealed  less  damage  than  the  pons,  the 
dorsal  half  being  the  more  markedly  involved.  The  spinal  cord  revealed  par- 
ticularly marked  destruction  of  the  anterior  horn  cells  which  were  largely  replaced 
by  a  mass  of  gitter  ceUs,  lymphocj^tes  and  occasional  polymorphonuclear  leu- 
kocytes. Inclusion  bodies  were  not  observed  (Figs.  1-4). 

A  section  of  the  cervical  and  of  the  lumbar  cord  were  collected  asepticalh'  and 
found  to  be  sterile  in  thiogh'cholate  culture.  Although  it  had  been  eighteen  days 
since  onset  of  illness  and  the  relatively  insensiti\-e  monkej-  testicular  implant 
method  of  tissue  culture  was  in  vogue,  a  cytopathic  agent  was  isolated  which 
subsequently  proved  to  be  ECHO  Type  2  virus.  Monkej^s  inoculated  with  the 
patient's  spinal  cord  and  tissue  culture  fluids  derived  from  the  same  developed 
neither  histological  nor  clinical  evidence  of  central  nen'ous  sj^stem  infection; 
their  serum  acquired  only  ECHO  Tj'pe  2  antibodies  and  no  poliovirus  anti- 
bodies. Here  then  was  a  strong  suggestion  that  this  virus  had  been  responsible 
for  fatal  bulbo.spinal  paralytic  poliomyelitis.  This  patient  was  presented  and 
discussed  five  years  ago  at  the  Societj'  of  Pediatric  Research  meeting  (7). 


Fig.  1.  Cerebral  Cortex  eighteen  days  after  onset  of  bulbaspinal  poliomyelitis  due  to 
ECHO  t\-pe  2  virus.  Illustrates  freedom  of  cerebral  lesions  apart  from  mild  meningeal 
reaction. 
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Recently  there  appeared  a  report  of  aseptic  meningitis  with  recox  ery  of  ECHO 
Type  2  virus  from  the  cerebrospinal  Huid,  in  one  child  five  days  after  onset  of 
illness  (8).  That  poliomyelitis  lesions  may  occur  in  monkeys  following  intra- 
muscular inoculation  of  ECHO  viruses  has  been  brought  out  by  Wenner  and 
Chin  (9)  who  found  it  most  commonly  with  the '  I'K'HO  Type  2.  This  is  not 


Fig.  2.  Pons  eighteen  days  after  onset  (jI  Imllicispinal  iiuliomyclitis  due  to  ECHO  tj-pe  2 
virus.  Extensive  ganglion  cell  destruction  of  nuclei  pontis. 


Fig.  3.  Ceixicjl  -.iJinal  ruid  ci-ln rcn  (la\-        I  -1,  .  .  I,    jjoliomyelitis  due 

to  ECHO  type  2  viru.s.  Marked  destruction  oi  anterior  liorns  witli  replacement  by  fjitter 
cells,  lymphocj-tes  and  occa.sional  polymorph  leucocyte. 
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Fig.  4.  Lumbar  spinal  cord  eighteen  days  after  onset  of  bulbospinal  poliomyelitis  due 
to  ECHO  type  2  virus.  Almost  complete  destruction  of  anterior  horns  with  replacement 
by  gitter  cells,  lymphocytes  and  occasional  polymorph  leucocyte. 

necessarily  offered  as  support  for  the  idea  that  our  child's  fatality  from  polio- 
myelitis was  brought  about  by  the  ECHO  2  virus.  It  is  clear  that  what  a  nat- 
urally occurring  or  laboratory  manipulated  strain  of  any  virus  may  do  in  a  given 
child  is  not  necessarily  the  same  as  it  will  do  in  a  monkey. 

Acute  Paralytic  Poliomyelitis  in  the  Human  due  to  Coxsackie  A7  Virus 

A  three  year  old  boy  was  hospitalized  July  . 9,  1956  with  clinical  evidence  of 
the  aseptic  meningitis  syndrome  accompanied  by  pleocytosis  of  245  cells  per 
cu.  mm.  of  which  68  per  cent  were  polymorphs,  32  per  cent  lymphocytes,  total 
protein  32  mgm.  per  cent,  sugar  56  mgm.  per  cent  and  chlorides  121  meq  per 
liter;  white  blood  count  was  13,000  per  cu.  mm.  with  58  per  cent  polymorph- 
onuclear cells.  The  day  following  admission  to  the  hospital  generalized  weakness 
and  right  lower  facial  paralysis  were  noted;  the  latter  disappeared  at  the  end  of 
the  week  during  which  asymetrical  paralysis  of  the  right  and  left  lower  extremities 
progressed.  When  last  seen  one  year  following  acute  onset  of  paralysis,  deformity 
of  the  right  foot  and  mild  atrophy  of  the  right  gluteus  group  were  the  most  prom- 
inent residual  defects. 

This  child's  stools  yielded  no  virus  in  tissue  culture  but  inoculation  of  suckling 
mice  revealed  an  agent  identified  as  Coxsackie  group  A  type  7.  To  date  monkeys 
inoculated  with  the  child's  stools  and  suckling  mouse  preparations  have  revealed 
neither  disease  nor  central  nervous  system  lesions. 

Serial  bleedings  from  this  child  revealed  the  development  of  neutralizing 
antibody  to  the  Coxsackie  A7  virus  in  tests  performed  in  suckling  mice;  the 
child  continues  to  have  no  demonstrable  neutralizing  antibody  to  any  of  the 
three  standard  polioviruses.  Again  the  conclusion  seems  inescapable  that  this 
young  child  was  rendered  paralytic  from  his  infection  with  this  particular  strain 
of  Coxsackie  A7  virus. 
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Hus.><iaii  investigators  have  recently  descril)ecl  strains  of  C'oxsaekie  A7  virus 
recovered  from  an  epidemic  of  apparently  typical  clinical  poliomyelitis  and 
capable  of  prociucing  the  histological  ]Mcture  of  poliomyelitis  in  some  monkeys. 

Certain  selected  supporti\-e  evidence  of  others  will  now  be  citetl.  A  complete 
review  will  not  be  attempted. 

First,  a  number  of  children  who  ha\e  been  adequately  vaccinated  against 
poliovirus  with  8alk  vaccine  have  had  clinical  paralytic  poliomyelitis  caused, 
however,  by  nnnpolio  cnleroriruses  (10).  The  importance  of  this  is  .self-evident. 
Hammon  and  his  colleagues  (11)  have  placed  at  my  disposal  a  report  which 
contains  further  evidence  that  members  of  the  Coxsackie  and  ECHO  group  at 
times  may  or  actually  do  cause  paralysis;  these  include  Coxsackie  A9,  Cox.sackie 
B3,  B4.  and  ECHO  4  and  ECHO  16.  I'urthermore,  their  studies  tend  to  confirm 
the  ob.^ervation  by  others  which  lends  strong  support  to  the  concept  of  anti- 
genic links  between  polio  and  non-polio  entero\'iruses  in  certain  complement 
fixation  tests.  These  observations,  by  the  way,  ai  e  re\  ealed  only  in  lumian  serums. 

Kibrick,  Melendez  and  Enders  ol)served  spottj',  a.symetrical  paralysis  in  an 
outbreak  of  ECHO  Mrus  type  (5  infection.  They  say,  "It  is  unlikely  that  con- 
comitant infection  with  polio\-irus  was  responsible  for  the  muscle  weakness 
obsei'ved  in  these  ca.ses.  Thus  in  the  acute  and  convalescent  phase  sera  of  three 
of  these  patients  no  antibodies  capal)le  of  neutralizing  any  of  the  three  types  of 
polio\'irus  were  demonstrated  and  in  the  sera  of  the  remaining  six  patients  no 
increase  was  revealed  in  the  poliovirus  neutralizing  antibodies  initially  present" 
(12)- 

Verlinde  (13)  in  a  personal  communication  describes  the  recovery  of  ECHO 
virus  Type  9  from  the  brain  of  an  encephalitic  infant;  this  particular  strain  gives 
rise  to  lesions  in  monkeys  difficult  to  distinguish  from  acute  poliomyelitis.  Inter- 
estingly, the  same  .serotype  isolated  from  that  infant's  alimentary  tract  does  not 
exhibit  this  poliomvelitic  property  in  the  monkey. 

Sabin  (14)  has  reported  that  among  the  patients  infected  with  the  ECHO  9 
virus  in  Milwaukee  last  summer  one  had  mild  bulbar  poliomyelitis  and  another 
had  spinal  paralysis  re([uiring  ambulatory  assistance  for  several  months. 

Doctor  Dalldorf  who  has  made  enormous  contributions  to  this  field  has  experi- 
mentally adapt etl  a  strain  of  Cox.sackie  \-irus  Croup  A  T\'pe  14  so  that  it  now 
produces  poliomvelitic  lesions  without  paralysis  in  Cynomolgus  monkeys  and 
has  more  recently  informed  me  that  this  \-irus  in  synergism  with  an  equally 
non-paralyzing  Type  1  poliovirus  (Sabin's  80-A  .-strain)  given  at  suitable  in- 
tervals under  suitable  circumstances  produces  severe  paralysis  in  monkeys  (1). 

Yon  Zeipel  and  Svedmyr  (1.5)  have  pointed  out  that  human  poliovirus  con- 
valescents react  in  complement-fixation  tests  with  ECHO  6  antigen  in  the  same 
manner  as  they  do  with  the  group  specific  polio\-irus  antigen  and  ECHO  6 
patients  react  with  polio  antigens  just  about  as  they  do  with  the  homologous 
antigen,  ri.-<es  being  common.  Apparently  the  ECHO  9  patients  of  last  year  also 
often  responded  against  polio  antigens.  Svedmyr  clo.ses  a  personal  communica- 
tion on  this  ([uestion  l)v  saying,  "My  point  would  thus  be  that  those  enteric 
viruses  suspected  to  have  some  paralytogenic  capacity  (Coxsackie  A7,  ECHO  6) 
might  have  more  in  common  with  polioviruses  than  previou.sh^  thought"  (16). 
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The  Swiss  have  reported  an  interesting  family  outbreak  of  ECHO  Type  4 
infection  involving  seven  of  nine  members  of  the  household  (17).  Five  of  the 
seven  experienced  a  grippe-like  illness  consisting  of  fever,  headache  and  vomiting, 
two  individuals  had  a  meningeal  reaction,  and  one  adult  developed  paralysis 
of  the  right  leg  and  weakness  of  the  right  arm.  ECHO  virus  Tj^pe  4  was  recovered 
from  the  feces  of  three  individuals  including  the  paralyzed  adult  in  whom  polio- 
virus  antibodies  failed  to  emerge.  In  previous  years  this  outbreak  would  simply 
have  been  regarded  as  an  instance  of  poliovirus  infection  producing  paralysis  in 
only  one  indi\'idual  of  the  family. 

Chumakov  and  coworkers  at  the  Poliomyelitis  Research  Institute  in  Moscow 
(ISj  isolated  strains  of  virus  from  the  stools  of  Russian  children  during  the  acute 
phase  of  paralytic  poliomyelitis.  Their  \-irus  was  isolated  directly  in  monkeys 
inoculated  with  the  pooled  stools  of  two  patients  with  fatal  bulbar  paralysis.  The 
virus  produced  paralysis  and  typical  poliomyelitic  lesions  following  either  intra- 
muscular or  intracerebral  inoculation  of  monkeys.  It  was  also  capable  of  pro- 
ducing paralysis  in  suckling  mice  and  has  since  been  identified  as  Coxsackie  A7 
virus.  Their  strain  has  been  studied  by  others  (19,  20,  21)  Avith  confirmatory 
findings;  Habel  and  Loomis  have  studied  two  American  strains  of  Coxsackie 
AT  and  conclude,  "These  are  likewise  pathogenic  in  monkeys  and  in  certain 
inoculated  animals  produce  histological  changes  in  the  central  nervous  system 
which  are  indistinguishable  from  those  caused  by  polioviruses"  (19).  In  some 
monkej's  poliomyelitic  lesions  were  occasionally  observed  outside  of  the  "classical 
areas"  of  the  central  nervous  system  in  experimental  poliovirus  infection.  How- 
ever, I  have  occasionally  observed  typical  lesions  in  atj'pical  areas  of  the  human 
central  nervous  system  in  proA-en  poliovirus  Type  1  infections,  and  poliovirus- 
proven  cases  of  acute  encephalitis  in  children  are  being  uncovered  (22).  There 
can  be  little  doubt  that  some  strains  of  the  Coxsackie  A7  virus  are  capable  of 
producing  paralysis  as  in  our  patient  described  earlier  tonight. 

The  first  demonstration  of  poliovirus  by  Landsteiner  and  Popper  in  1908  (23) 
resulted  from  the  intraperitoneal  inoculation  of  the  monkey  with  a  patient's 
spinal  cord.  We  must  all  be  grateful  that  by  chance  this  particular  strain  pro- 
duced a  comparable  disease  in  a  particular  monkey  inoculated  by  a  peripheral 
route.  As  Sabin  stated  two  years  ago  at  the  conference  on  "Viruses  in  Search  of 
Disease"  (24),  "Imagine  for  a  moment  what  the  situation  might  be  if 
the  currentl}^  available  tissue-culture  methods  had  been  used  before  an  etiological 
association  had  been  established  between  the  polioviruses  and  the  paralytic 
syndrome  (sic  I)  we  call  poliomyelitis.  Applying  these  methods  to  healthy  children 
one  or  two  years  of  age  in  \'eracruz,  ^lexico,  at  a  time  when  poliomj^elitis  was  not 
diagnosed  in  the  community,  it  was  possible  by  means  of  a  single  rectal  swab  to 
find  that  approximately  12  per  cent  of  the  children  were  infected  with  polio- 
vii'us.  In  such  an  area  and  under  these  conditions,  the  recovery  of  a  similar  virus 
from  the  stools  or  even  from  the  spinal  cord  of  a  rare  case  of  poliomyelitis,  would, 
by  itself,  provide  little  evidence  for  an  etiologic  association." 

At  a  joint  meeting  in  1935,  Doctor  Thomas  Rivers  said  "Everyone  working 
with  viruses  and  tumors  is  entitled  to  a  guess"  (25).  Seizing  upon  this  invitation 
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I  guess  that  it  will  soon  hocoino  t-lcar  that  acute  anterior  poliomyelitis  will  l)e 
viewed  as  a  clinical  and  pathological  state  of  diverse  viral  etiology. 

Talile  I  illustrates  a  reciprocal  reluctance  to  accept  certain  ideas.  To  the  left 
you  .see  the  clinical  states  asc-ribahle  to  poliovirus.  Although  epidemiological  and 
other  evidence  was  clear  to  Wickman  and  others  fifty  years  ago  that  poliovirus 
could  bring  al)out  clinical  states  other  than  flaccid  paralysis,  complete  acceptance 
among  investigators  came  only  when  such  could  he  shown  in  monkeijs  about 
1940.  Nonparalytic  monkey  poliomyelitis — call  it  the  aseptic  meningitis  syn- 
drome if  you  like  since  monkeys  often  show  pleocvtosis  on  cisternal  puncture — 
reveals  disseminated  neuronal  lesions  scattered  throughout  the  neuraxis.  There 
is  little  doubt  in  my  mind  that  the  aseptic  meningitis  syndrome  in  children — 
call  it  nonparalytic  poliomyelitis  if  you  like — when  caused  hy  the  enteroviruses 
is  accompanied  by  disseminated  neuronal  lesions.  If  we  view  the  right  hand  side 
of  Table  I  it  will  be  noted  that  the  nonpolio  enteroviruses  were  first  viewed  as 
having  no  consequence,  reluctantly  viewed  as  producers  of  undifferentiated 
febrile  illnesses,  then  as  producers  of  the  aseptic  meningitis  syndrome  and  finally 
there  is  a  growing  consensus  of  opinion  that  paralytic  di.sease  may  be  caused  by 
certain  strains  of  these  agents  under  given  circumstances. 

Since  speculation  need  not  be  stifled  in  The  Schick  Lecture,  I  wcjuld  raise 
the  question  of  whether  these  agents  may  not  even  remain  latent  but  \  iable  in 
the  central  nervous  system  of  an  occasional  child,  perhaps  to  serve  a  role  in  the 
production  of  some  subtle  or  dramatic  clinical  mischief  later  on.  Our  own  studies 
show  that  non-lesion  producing  strains  of  poliovirus  can  be  detected  in  the  cen- 
tral nervous  system  of  mice  long  after  inoculation.  Sabin  and  Ward  (26)  once 
described  an  interesting  monkey  whose  central  nervous  system  j^ielded  polio- 
virus 35  days  after  inoculation  of  human  material,  the  monkey  having  had 
neither  the  clinical  nor  the  histological  criteria  for  poliovirus  infection.  Is  it  not 
possible  that  the  more  elegant  current  technicjues  for  unmasking  and  demon- 
strating viruses  may  .show  latent  viru.ses  in  the  human  central  nervous  system? 

The  extent  to  which  these  nonpolio  enteroviru.ses  may  be  important  in  the 
production  of  serious  neurological  disease  is  unknown.  Characterization  of  a 
given  strain  of  virus  does  not  end  with  the  assigning  of  immunological  type  and 
number  to  it,  for  in  terms  of  disease  it  is  the  pathogenic  properties  which  are 
important.  A  good  many  years  back  Doctor  Theobold  Smith  (27)  wrote,  "There 
is  scarcely  a  specific  di-sease  known  today  whose  causal  organism  is  not  repre- 
sented by  at  least  several  variants  or  a  parasit<>  which  does  not  appear  under 

TABLE  I 

Reciprocal  historic  reluctance  to  accept  some  etiological  relationships  in  primates  of 


Polioviruses 


Paralytic  disease 

Nonparalytic  polio  (Aseptic  meningitis) 
Undiff.  febrile  illness 
Non-pathogenic  visitor 


Some  Nonpolio  Enteroviruses 


Non-i)athogenic  visitor 
Undiff.  febrile  illness 

.\septic  meningitis  (Nonparalytic  polio) 
Paralytic  disease 
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several  forms.  The  subjective  factor  or  the  personal  equation  naturally  plays  a 
certain  part  in  recognizing  relationships  or  in  associating  forms  at  first  regarded 
as  unrelated.  If  we  maintain  that  the  host  tends  to  modify  the  parasite  enough 
so  that  the  invasion  of  different  ho.sts  by  the  latter  necessarily  leads  to  races,  we 
are  also  faced  by  the  fact  that  different  races  of  the  same  parasite  may  be  found 
in  the  same  host."  I  can  think  of  no  more  striking  example  than  that  communi- 
cated to  me  by  Kibrick  (28)  who  isolated  Coxsackie  B4  virus  from  several  organs 
of  a  neonate  with  encephalomyelitis  and  a.septic  myocarditis.  Only  the  strain 
isolated  from  this  infant's  liver  and  not  the  one  isolated  from  the  badly  diseased 
heart  and  brain  exhibit  the  remarkable  property  of  producing  anterior  horn  cell 
degeneration  of  poliomyelitic  type  in  the  spinal  cords  of  suckling  mice  as  .seen 
in  Figure  5.  When  this  sort  of  dissociation  of  pathogenic  properties  can  occur 
within  a  single  baby,  is  it  surprising  that  a  virus  may  act  very  differently  from 
year  to  year  and  from  place  to  place?  Any  current  descriptions  therefore  of,  let 
us  say,  ECHO  9  disea.se  or  Coxsackie  Bo  disease  or  for  that  matter  even  polio- 
virus  di-sease  should  be  regarded  as  tentative  and  subject  to  change. 

There  is  no  longer  any  doubt  that  Coxsackie  B  viru.ses  may  affect  the  human 
heart  (29),  with  or  without  appreciable  central  nervous  system  disease  and  the 
reciprocal  may  occur  (30).  It  may  be  of  more  than  passing  interest  that  polio- 
virus  patients  may  have  myocardial  disease,  the  frecjuency  varying  with  the 
particular  outbreak  (31).  In  the  \  irologically  well  documented  outbreak  of  1953 
in  Stockholm  all  26  autopsied  poliovirus  patients  revealed  myocarditis  (32). 


Fig.  5.  Suckling  mouse  spinal  cord  poliomyelitis  due  to  a  Co.xsackie  B4  virus  strain. 
The  patient's  hepatic  strain  only  shows  this  property;  strains  isolated  from  the  same 
patient's  brain  and  heart  lack  this  property-.  (From  Kibrick,- S.,  and  Benirschke,  K.  To 
be  published.) 
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There  may  thus  be  strains  of  poliovirus  more  inyocartiitic  than  othci's  and  hearing 
in  mind  the  vagaries  of  viral  variation  tliere  may  even  exist  strains  of  poHovirus 
more  myoearditie  than  neurotropic.  Just  as  the  complete  spectrum  of  viral 
etiology  of  anterior  poliomyelitis  is  uncertain,  so  may  be  the  complete  pathologi- 
cal spectrum  of  diverse  strains  of  polio\  irus. 

Virus  mutability  is  a  fascinating  phenomenon  to  the  microbiologist  and  a 
constant  threat  to  the  clinician.  The  recent  large  epidemics  of  I'lC'HO  !)  infection 
with  varial)le  clinical  patterns  and  viral  strains  of  variai)le  pathological  prop- 
erties in  the  laboratory  bespeaks  a  ferment  which  is  di.s(|uieting.  At  a  time  {'.V.i) 
when  the  Coxsackie  vini.-jes  were  not  even  entirely  accepted  as  cau.sative  of 
Bornholm  disease,  and  prior  to  its  association  with  human  central  nervous 
system  disease  or  of  aseptic  myocarditis,  Burnet  wrote,  "Suppose  the  potential 
power  of  the  Cox.^^ackie  viruses  to  attack  muscles  was  greatly  enhanced  in  a 
certain  niutant  and  circumstances  allowed  it  to  spread  freely.  I  can  imagine  as  a 
result  a  completely  new  type  of  epidemic  in  which  inten.'^e  generalized  pain  in  the 
muscles  would  immobilize  the  victims,  many  of  whom  would  die  with  symptoms 
of  acute  heart  failure  when  the  mu.scles  of  the  heart  were  in\-ol\  ed.  There  has 
never  been  an  epidemic  of  this  sort  but  e(|ually  there  has  never  since  1560  been 
an  epidemic  with  the  .-symptoms  of  the  ]']nglish  sweats"  (33). 

I  cannot  resist  the  temptation  to  speculate  in  another  area  concernmg  the 
relationship  of  these  families  of  viruses  to  one  another  in  as.sociation  with  para- 
lytic di.-<ease.  Until  relatively  recently  it  was  believed  that  there  was  only  one 
poliovirus  but  ten  years  ago  three  were  agreed  upon  and  the  membership  firmly 
closed,  at  least  temporarily.  Although  distinct  from  one  another  there  are  numer- 
ous similarities  among  them  suggesting  a  common  stem  in  the  evolutionary  scale. 
That  this  may  have  clinical  meaning  may  be  inferred  by  the  interesting  observa- 
tion of  Hammon's  group  among  others  that  previous  experience  with  type  2 
virus  affords  considerable  protection  against  the  paralytic  consequences  of 
exposure  to  Type  1  poliovirus  (34). 

Johnsson  (35)  has  also  presented  evidence  showing  antigenic  links  amongst 
the  three  enterovirus  families  following  infection  in  humans.  Although  this  makes 
interpretation  of  complement-fixation  diagnostic  tests  difficult,  let  us  hope  that 
exploration  of  these  relationships  can  be  put  to  good  u.se  in  terms  of  understand- 
ing and  preventing  human  disease. 

A  very  exciting  line  of  investigation  in  the  field  of  relationships  among  the 
three  major  families  of  the  enteroviruses  has  held  the  attention  of  the  imaginative 
Gilbert  Dalldorf  for  some  time.  Without  detailing  the  evidence,  suffice  it  to  say 
that  he  has  assembled  impressive  epidemiological  and  experimental  data  which 
suggests  that  under  appropriate  conditions  some  of  the  Coxsackie  A  viru.ses  may 
enhance  the  neurotropism  of  poliovirus  and  some  of  the  Coxsackie  B  viruses 
may  retard,  interfere,  or,  as  Dalldorf  so  well  puts  it,  exhibit  a  sparing  effect  on 
poliovirus  infections  (1).  Table  II  illustrates  a  remarkable  epidemic  of  "polio- 
mj-elitis"  occuring  in  Haderslev,  Denmark  almo.st  twenty-five  years  ago  (36) 
when  in  a  short  period  of  time  734  individuals  were  hospitalized  in  the  small 
area,  yet  only  27  were  paralyzed;  the  total  mortality  was  infinitesimal.  We  shall 
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TABLE  II 


Unusual  epidemic  of  poliomt/elilis 
Haderslev,  Denmark 
7/20-11/30,  1934* 


Hospitalized 
Paralyzed. . . 
Fatal  


730 
27  (3.7%) 
3  (0.4%) 


*  Xissen,  X.  I.,  Acta  Paediatrica,  18:  1,  1936. 

Was  this  due  to  (1)  polioviru.s  of  low  virulence;  (2)  a  nonpolio  but  mildly  paralytic 
enterovirus;  (3)  a  mi.xed  epidemic  of  poliovirus  and  Coxsackie  group  B  virus?  All  ages 
affected  but  most  paralytic  cases  and  all  deaths  in  the  young;  Bornholm  disease  was  wide- 
spread then  in  Denmark. 

ne\-er  know  with  certainty  whether  this  was  all  due  to  a  strain  of  poliovirus  of 
very  low  pathogenicity,  whether  it  was  due  to  a  nonpolio  enterovirus  infection  in 
which  only  a  small  number  of  individuals  were  paralyzed  and  a  smaller  number  of 
infants  killed,  or  whether  this  was  an  example  of  a  Coxsackie  B  virus  producing  a 
sparing  effect  on  a  simultaneous  poliovirus  infection. 

It  is  obvious  that  the  suppression  of  poliovirus  infection  by  various  methods 
of  vaccination  will  make  paralysis  due  to  these  other  viruses  more  conspicuous. 
No  less  important  than  the  immediate  clinical  implications  of  this  is  the  reward  to 
be  gotten  through  careful  study  of  the  relationship  of  these  infections  to  each 
other. 

To  quote  Dalldorf  (37),  "The  importance  of  these  agents  may  become  clearer 
once  poliomyelitis  has  been  suppressed.  It  may  be  that  these  viruses  will  only 
seem  to  be  more  important,  but  possibly  they  will  become  truly  so  and  will  fare 
better — and  we  worse- — when  they  are  not  o\'ergrown  by  the  polioviruses.  This 
of  course  is  only  speculation  and  it  proves  nothing  more  than  that  hard  work  is 
needed.  However,  is  it  unlikeh'  that  the  changes  in  our  manner  of  living  that 
seem  to  ha\'e  contributed  to  the  growing  danger  of  poliomyelitis  have  not  affected 
related  agents  in  the  same  way?  Perhaps  the  change  already  has  occured  and  is 
one  reason  for  our  present  interest  in  these  viruses." 

To  you,  Doctor  Schick,  my  sincere  thanks  for  this  opportunity  to  present 
opinions  in  transition. 
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PECULIARITIES  OF  SYMPTOMAT()L( )( '.V  IX  CIIROXIC 
POLIOINIYELITIS  PATIENTS 


AVUON  Y.  SWEKT,  M  l). 
\cw  York.  .V.  )■. 

The  (IcvelopnuMit  and  improvonuMit  of  tank-typo  respirators,  cuirass  respira- 
tors, rocking  beds,  and  so-called  positive  pressure  devices  during  the  past  two 
decades  represent  noteworthy  advances  in  the  field  of  mechanical  artificial  res- 
piration. The  availability  of  these  aids  together  with  a  broader  understanding  of 
pulmonary  physiology  and  patho-physiology  have  resulted  in  improved  medieval 
care  for  poliomyelitis  victims  with  respiratory  paralysis.  As  a  consequence,  many 
such  patients  now  survive  who  would  not  have  done  so  in  the  past.  An  appre- 
ciable number  of  these  ha\'e  extensive  nuiscle  paralysis  and  reciuire  mechanical 
respiratory  assistance  for  \  arious  periods  each  day. 

The  .severely  paralyzed  "chronic  poliomyelitis"  patients  are  susceptible  to  all 
human  ills  but  they  are  particularh'  subject  to  pyelitis,  pyelonephritis,  ureteral 
obstruction  due  to  calculi,  pneumonia,  lung  abscess,  and  phlebitis.  However,  the 
severe  and  extensive  neuronal  damage  caused  by  poliomyelitis  virus  often  results 
in  the  failure  of  these  patients  to  respond  to  the  illness  in  a  manner  familiar  to 
the  physician.  Pain,  fe\  er,  and  localization  of  symptoms  often  are  misleading  or 
ab.sent.  An  increasing  number  of  chronic  poliomyelitis  patients  now  are  being 
discharged  from  hospitals  to  their  homes  and  then  come  under  the  care  of  their 
private  physicians.  It  is  estimated  that  there  are  now  1100  such  patients  at  home 
and  that  about  "mO  more  will  soon  be  returning  to  their  homes.  It  is  important, 
therefore,  to  call  attention  to  the  altered  response  to  illness  which  these  patiejits 
present . 

P.VIN' 

In  the  chronic  poliomyelitis  patient,  pain  may  be  absent  in  a  disease  in  which 
it  is  ordinarily  a  major  manifestation.  For  example,  it  is  not  uncommon  for 
ureteral  obstruction  to  cause  no  pain  to  the  chronic  poliomyelitis  patient  (1,  2). 
Large  calculi  have  traversed  the  entire  length  of  a  ureter  without  discomfort  to 
such  patients.  Occasionall}',  partial  or  complete  ureteral  obstruction  due  to  a 
stone  has  occurred  without  renal  colic.  The  first  case  hi.story  presented  below  is 
that  of  a  patient  with  ureteral  obstruction  who  had  no  pain  arising  from  genito- 
urinary structures  per  se. 

Peritonitis  without  a.ssociated  pain  has  been  ol)ser\  od  twice  in  our  experience. 
A  very  dramatic  case  of  this  type  was  that  of  a  39  year  old  female.  About  ten 
months  after  her  discharge  from  the  hospital,  she  began  to  complain  of  fatigue 
and  general  malaise.  These  \  ague  complaints  continued  for  about  ten  days  with 
progressive  general  deterioration.  Ilcr  physician  could  find  nothing  to  explain 

From  The  Jafk  Miirtiii  roliomyelitis  Uc.-^piiator  Center,  The  I )ei)art nieiit  of  Pediatrics, 
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the  down-hill  course  and  he  adx'ised  hospitalization.  She  died  before  she  could  be 
transported  to  a  hospital.  Post-mortem  examination  revealed  acute  hemorrhagic 
pancreatitis  and  peritonitis.  Hemorrhagic  pancreatitis  is  generally  referred  to  as 
one  of  the  most  painful  diseases  to  which  man  is  susceptible,  yet  this  symptom 
was  entirely  absent  in  this  patient.  Peritonitis  without  pain  is  further  illustrated 
in  the  second  illustrative  case  history  presented  below. 

In  our  experience,  it  has  been  only  severely  and  extensively  paralyzed  patients 
who  have  failed  to  have  pain  in  circumstances  such  as  those  mentioned  above. 
Blossom  and  Affeldt  (3)  found,  at  autop.sy,  esophageal  and  gastric  ulcerations  in 
patients  who  had  no  .sj'mptoms  other  than  distention.  It  is  po.ssible  that  pain 
might  be  absent  in  other  disease  states  with  which  we  ha\'e  had  no  experience. 
That  the  failure  to  have  pain  under  the  circumstances  mentioned  is  not  due  to  a 
general  loss  of  pain  perception,  is  attested  to  by  the  fact  that  all  of  the  patients 
under  our  observation  experienced  pain  to  pin  prick,  muscle  pain  during  physical 
therapy,  or  pain  during  cystoscopic  examinations.  However,  there  seems  to  be 
a  diminution  in  visceral  pain  sensation,  although  pain  has  occurred  with  disten- 
tion of  the  urinary  bladder  or  of  the  bowel.  In  contra.st  with  the  above  conditions, 
thei'e  are  certain  diseases  which  neA-er,  in  our  experience,  fail  to  cause  pain.  This 
is  true  of  phlebitis,  otitis  media,  sinusitis,  decubiti,  paronychiae,  and  physical 
trauma.  Women  who  have  had  dj'smenorrhea  prior  to  poliomyelitis  invariably 
again  suffered  pain  when  men.struation  was  reestablished.  The  pain  during  the 
three  stages  of  labor  in  the  chronic  poliomyelitis  patient  is  le.ss  severe  than  that 
seen  in  normal  women.  However,  it  has  been  postulated  that  this  is  due  to  the 
flaccidity  of  the  perineal  musculature. 

FEVER 

The  absence  of  fever  in  the  chronic  poliomyelitis  patient  with  an  inflammatory 
process  is  a  moderately  frequent  occurrence.  We  have  encountered  several  pa- 
tients with  both  viral  and  bacterial  infections  who  have  not  experienced  an 
appreciable  elevation  of  temperature.  The  lack  of  febrile  response  has  been  asso- 
ciated with  infections  due  to  various  bacteria.  A  remarkable  example  is  that  of 
pneumococcal  pneumonia  which  is  nearly  invariably  associated  with  fever  in  the 
average  patient.  It  has  not  been  uncommon  to  find  patients  who  are  afebrile  in 
the  presence  of  pyelitis  and  obstructive  uropathy  accompanied  by  pyehtis  due 
to  E.  coli,  B.  proteus  or  A.  aerogenes.  Pharyngitis  and  bronchitis  due  to  strepto- 
cocci, !<taphylococci  and  other  organisms  have  been  seen  frequently  without 
associated  pyrexia.  Peritonitis  due  to  A.  aerogenes  was  observed  to  occur  without 
fever  in  one  case  which  is  presented  below.  As  with  the  absence  of  pain,  lack  of 
fever  occurs  only  in  the  very  severely  affected  poliomyelitis  patients. 

The  rea.son  for  the  failure  of  some  chronic  pohomyelitis  patients  to  exhibit  a 
febrile  course  in  circumstances  in  which  it  is  expected  is  obscure.  And,  to  com- 
pound the  confusion,  some  patients  who  have  faUed  to  have  fever  at  one  time, 
have  had  temperature  elevations  at  others  even  with  the  same  causative  bac- 
teria. It  would  appear  that  a  greater  than  ordinary'  pyrogenic  stimulus  is  neces- 
sary to  produce  a  rise  of  body  temperature  in  these  patients.  The  chronic  polio- 
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myelitis  patient  "iionnally"  has  a  lower  temperature  than  the  healthy  person. 
The  poliomyelitis  patients  usually  have  a  temperature  of  alxnit  !)7.4°  to  98.0°  F. 
orally  and,  therefore,  lelatively  greater  increases  in  temperature  are  necessary 
to  reach  levels  usually  accepted  as  being  abnormal.  C'onseciuently,  temperatures 
over  102°  F.  are  encountered  infreciuently.  It  is  clear,  too,  that  temperatures 
lower  than  100°F.  may  represent  fever  in  these  patients  whose  daily  temperatui-e 
is  subnormal  according  to  usual  .standards.  It  is  our  practice  to  relate  individual 
temperature  readhigs  to  the  patient's  usual  temperature  pattern  in  order  to  be 
certain  that  significant  elevations  in  temperature  have  not  occiu'red  below  1()0°F. 

LOCALIZATION  OF  .SYMPTOM.S 

Although  the  chronic  poliomyelitis  patient  may  not  have  fever  or  sjjontane- 
ously  localizing  pain  with  various  intercurrent  diseases,  there  is  usually  some 
"displaced"  complaint  presented.  On  occa.sion,  this  may  be  the  only  indication 
that  all  is  not  well,  (nistrointestinal  complaints  not  infreciuently  are  associated 
with  non-alimentary  disease  proces.ses.  Vague  abdominal  discomfort  and/or 
distention  have  been  observed  in  patients  with  partial  or  complete  ureteral  ob- 
struction, hypoxia,  tension  states  and,  in  one  of  our  patients,  with  peritonitis. 
The  gastrointestinal  symptoms  are  due  to  adynamic  ileus,  gastric  dilatation  or 
both.  Because  of  its  relationship  with  emotional  states,  gastric  dilatation  is  by 
far  the  most  common  gastrointestinal  abnormality.  The  causal  relationship 
between  the  two  is  not  known.  Studies  have  revealed  that  some  chronic  polio- 
myelitif?  patients  have  an  abnormality  in  the  central  control  of  gastric  tone  and 
secretion  (4).  It  is  possible  that  in  certain  patients  the  central  response  to  stimuli 
goes  awry  becau.se  of  neural  damage  by  the  poliomyelitis  virus  to  the  hypothala- 
mus or  the  vagus  nuclei.  Whate\'er  the  mechanism,  gastric  dilatation  commonly 
occurs  with  emotional  upsets  whether  or  not  the  psychological  disturbances 
themselves  are  organic  in  origin.  We  have  encountered  dilatation  of  the  stomach 
in  patients  at  the  time  of  family  disputes,  when  discharge  from  the  hospital  has 
been  postponed,  or  when  other  news  of  a  distiu'bing  nature  has  been  received. 
Whether  organic  illness  per  .se  produces  gastric  dilatation  is  difficult  to  determine, 
for  the  occurrence  of  complicating  illness  represents  a  great  threat  to  the  sur\  ival 
of  an  already  insecure  individual  and,  therefore,  produces  marked  anxiety  and 
apprehension. 

We  ha\'e  not  observed  adynamic  ileus  without  a.ssociated  organic  disease.  It  is 
most  frecjuently  associated  with  ureteral  irritation  due  to  complete  obstruction, 
partial  obstruction,  or  to  the  passing  of  stones  or  "gravel". 

ILLrSTRATIVE  CASES 

The  following  case  histories  illustrate  the  peculiarities  of  symptomatology  in 
chronic  poliomyelitis  patients. 

Case  §1 

J.  S.  («  52938),  a  15  year  old  boy,  was  admitted  to  The  Jack  Martin  Polio- 
myelitis Respirator  Center  at  The  Mount  Sinai  Ho.spital  in  September,  1955  with 
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ucute  poliomyelitis.  His  illness  was  severe  and  was  characterized  by  evidence  of 
extensive  disease  of  the  spinal  cord  and  some  evidence  of  bulbar  involvement 
(gastric  dilatation,  paralysis  of  the  soft  palate  and  bilateral  paralysis  of  the 
lateral  recti  of  the  ocular  globes).  Within  twentj'-four  hours  after  admission  to 
the  hospital,  the  patient  required  artificial  respiration.  He  survived  the  acute 
phase  of  his  illness,  following  which  there  was  moderate  weakness  of  the  neck 
muscles,  total  paralysis  below  the  neck  except  for  some  poor  supinator  function 
at  the  left  wrist  and  se\-ere  respiratory  muscle  invoh-ement  (vital  capacity  250 
cc).  By  early  October,  the  patient  was  able  to  breathe  without  mechanical 
assistance  for  twenty  minutes  and  was  using  a  cuirass  respirator  instead  of  the 
tank-type  respirator.  Function  had  returned  to  a  moderate  degree  in  the  left 
upper  extremity  so  that,  with  a.ssistance,  self-feeding  could  be  done. 

X-ray  examination  revealed  each  kidney  to  have  a  double  pelvis.  Xo  evidence 
of  urinary  tract  calculi  was  demonstrated  roentgenographically ;  however,  occa- 
sional red  blood  cells  were  noted  on  examination  of  the  urine. 

The  patient  improved  slowly  and  was  doing  well  until  late  one  day  in  January 
when  he  complained  of  epigastric  fullness.  Examination  did  not  reveal  fever  or 
abdominal  tenderness,  and  the  patient  did  not  appear  to  be  ill.  A  nasogastric 
tube  was  hiserted  into  the  stomach,  but  no  gas  or  li(iuid  could  be  removed.  The 
abdominal  discomfort  slowly  increased  in  severity  so  that  ten  hours  after  the 
onset  of  symptoms  the  cuirass  respirator  caused  .so  much  discomfort  durmg 
inspiration  that  the  patient  was  placed  in  a  tank-type  respirator.  He  then  was 
comfortable,  afebrile,  and  without  pain  until  fifteen  hours  after  on.set  of  symp- 
toms when  pressure  changes  within  the  respirator  caused  diffuse  abdominal  pain. 
Twenty  hours  after  onset  of  .symptoms,  the  patient  was  afebrile  and  abdominal 
palpitation  revealed  diffuse  tenderness.  Rebovuid  tenderness  was  elicited. 
Rigidity  of  the  abdominal  wall  was  not  present  nor  could  it  occur  since  the 
muscles  of  the  abdominal  wall  were  totally  paretic.  The  white  blood  cell  count 
was  22,200  per  cubic  millimeter. 

It  is  believed  that  the  patient  was  suffering  from  peritonitis,  but  the  cause  was 
not  clear.  He  was  taken  to  the  operatmg  room  in  a  tank-type  respirator.  After 
pentothal  anesthesia  was  started,  a  cuffed  endotracheal  tube  was  passed  and 
through  this  respiration  was  maintained  by  manuallj'  squeezing  an  anesthesia 
bag.  Although  perforation  of  an  inflamed  appendix  seemed  to  be  the  most  likely 
cause  of  the  peritonitis,  a  paramedian  incision  was  made.  Free  pus  was  found 
hi  the  peritoneal  cavit}^  Culture  of  this  material  revealed  Aerobacter  aerogenes. 
A  perforated  Meckel's  diverticulum  was  found  and  amputated.  In  addition,  the 
normal  appendix  was  removed.  Following  surgery,  the  patient  was  returned  to 
the  respirator,  the  endotracheal  tube  was  removed,  artificial  respiration  was 
continued  with  the  tank-type  respirator,  and  the  patient  was  returned  to  the 
Center. 

He  was  treated  with  chloramphenicol  and  intravenous  fluids  and  made  an 
uneventful  recovery.  He  was  out  of  the  tank-type  respirator  and  again  using  a 
cuirass  respirator  in  three  weeks.  The  patient  remained  in  the  Center  for  a 
lengthy  period  after  the  above  episode.  During  his  stay,  there  was  considerable 
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iinprovoment,  and  he  was  discharged  to  his  lioino  fourteen  months  t'ollowing 
admission. 

Case  %2 

L.  A.  (^02730),  a  20  year  old  wliite  male,  \vas  admitted  to  a  contagious 
disease  hospital  on  October  24,  1955,  because  of  acute  poliomyelitis.  He  very 
quickly  developed  paralysis  of  the  muscles  of  all  extremities,  the  neck  and  the 
trunk.  The  muscles  of  respiration  became  paralyzed  too  so  that  artificial  resi)iia- 
tory  assistance  was  necessary.  Because  he  was  unable  to  void,  an  indwelling 
bladder  catheter  was  employed.  The  catheter  was  removed  after  three  weeks. 
During  the  third  week  of  illness,  a  state  of  delirium  occurred  which  was  con- 
sidered to  be  due  to  respiratory  alkalosis.  The  patient  was  critically  ill  and  was 
not  expected  to  survive.  Nevertheless,  he  responded  to  treatment  and  shortly  was 
able  to  be  removed  from  the  tank  respirator  with  the  use  of  a  cuirass  respirator 
and  a  rocking  bed  for  respiratory  assistance.  He  h;id  several  transient  episodes 
of  abdominal  discomfort  which  were  relieved  by  insertion  of  a  rectal  tube. 

Five  weeks  after  the  onset  of  his  illness,  the  patient  was  admitted  to  The 
Jack  Martin  Poliomyelitis  Respirator  Center  at  The  Mount  Sinai  Hospital.  At 
that  time  his  vital  capacity  was  200  cc,  and  for  respiratory  assistance  he  used 
a  cuirass  respirator  at  night  and  a  rocking  bed  during  the  day. 

A  week  after  admission  to  the  Center,  the  patient  awoke  at  night  with  ab- 
dominal discomfort  described  as  fullness.  The  patient  had  no  fever,  abdominal 
tenderness,  tenderness  over  the  kidney  regions  posteriorly  or  spontaneous  pain. 
He  insisted  that  this  type  of  problem  was  a  chronically  recurring  one,  and  he 
merely  required  the  insertion  of  a  rectal  tube  in  order  to  gain  relief.  This  was 
done,  but  he  was  not  relieved.  An  emergency  excretory  urogram  was  done  and 
revealed  prompt  visualization  on  the  right  but  none  on  the  left.  One  oval  opaque 
calculus  was  present  in  the  mid  portion  of  the  left  ureter,  and  two  stones  were 
seen  in  the  lower  third  of  the  left  lu'eter.  Cystoscopy  revealed  the  bladder  mucosa 
to  be  diffusely  and  markedly  inflamed.  Within  the  bladder,  there  were  many 
small  stones  and  incrustations.  Left  ureteral  catheterization  failed  to  by-pass  the 
obstruction,  but  the  lower  stones  were  pushed  up  to  the  level  of  the  mid  ureteral 
stone.  During  this  time  the  patient's  complaints  of  abdominal  fullness  increased, 
and  it  was  increasingly  difficult  to  provide  him  with  adecjuate  breathing  with  a 
cuirass  respirator.  There  was  still  no  fever  or  pain,  but  gastric  dilatation  was 
evident.  The  patient  was  placed  in  a  tank-type  respirator  and  taken  to  the  op- 
erating room  where  pentothal  anesthesia  was  begun.  After  the  patient  was  an- 
esthetized, a  cuffed  endotracheal  tube  was  inserted.  He  was  moved  to  the 
operating  table  while  the  anesthesiologist  provided  artificial  respiration  manually 
by  means  of  an  ane.sthesia  bag.  Thereafter,  a  left  ureterolithotomy  was  per- 
formed, the  patient  was  returned  to  the  tank-type  respirator,  the  endotracheal 
tube  was  removed,  and  he  was  taken  back  to  the  Respirator  Center. 

The  patient  recovered  fi'om  the  procedure  without  difficulty.  He  ultimately 
attained  a  vital  capacity  of  560  ccs.  With  the  help  of  gloss()pharyngeal  breathing 
and  ad  libidum  use  of  a  portable  positive-pressure  de\'ice,  he  is  able  to  be  up  in 
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hi.<  wheelchair  all  day.  Although  he  has  only  poor  wrist  and  finger  function  of  the 
right  upper  extremity,  with  mechanical  assistance  he  can  feed  himself,  shave, 
use  a  telephone,  and  operate  a  tape  recorder.  As  a  result  of  the  effort  and  energy 
of  a  dedicated  staff,  this  patient  lives  at  home  with  his  wife  and  is  back  at  work 
in  his  office. 

COXCLUSIOX 

The  occurrence  of  intercurrent  disease  in  chronic  poliomyelitis  patients  may 
go  unnoticed  or  evade  detection  because  the  patient  frequently  fails  to  respond 
to  the  illness  m  the  usual  manner.  Of  the  many  such  cases  which  have  been  .seen 
by  the  author,  two  exemplary  ones  are  presented  in  the  above  case  histories. 
The  high  incidence  of  calculi  of  the  urinary  tract,  together  with  the  lack  of  pain 
frequentty  associated  with  ureteral  obstruction,  require  excretory  urograms  be 
obtained  whenever  gastric  dilatation,  ileus  or  vague  abdominal  complaints  are 
presented.  In  patients  with  vague  abdominal  discomfort,  abdominal  paracentesis 
may  be  diagnostic  of  peritonitis  although  fever  and  leukocyto.sis  are  absent. 
Subjective  feelings  of  inadequate  ventilation  may  be  the  only  indication  of 
pneumonia  or  atelectasis,  but  gastric  dilatation  or  anxiety  may  cau.se  the  same 
symptoms.  Because  of  the  difficulties  involved  in  the  procedures  nece.s.sary  to 
reach  the  proper  diagnosis  in  chronic  poliomyelitis  patients,  it  is  suggested  that 
such  patients  .should  be  hospitalized  promptly  if  the  cause  of  intercurrent  ill- 
nesses is  not  immediately  apparent. 
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New  York,  N.  )'. 

Tho  Maternity  of  Tlio  Mount  Sinai  Hospital,  which  opened  in  l!).)."),  is  in  its 
sixth  year  of  operation.  Concurrently  with  the  inception  of  the  Department  of 
Obstetrics,  a  system  of  code-sheet,  punch-card  talnilation  of  all  patient  data 
was  introduced.  Ivssential  details  from  each  patient's  chart  are  transferred  to  an 
80  point  IBM  card  at  the  time  of  discharge,  before  the  history  is  sent  to  the 
record  room.  The  cards  are  stored  in  special  metal  filing  cabinets  and  con- 
stantly available  for  mechanical  sorting  and  study.  The  work  has  been  contin- 
ually supervised  hy  one  of  the  authors  (W.A.E.);  the  details  of  pcrfoimance 
being  carried  out  by  the  intelligent  codo-clerk,  INIiss  Xina  Smith. 

Taking  stock  of  performance  is  as  essential  in  hospital  medicine  as  in  l)usi- 
ness.  Therefore  the  Department  of  Obstetrics  has  prepared  semi-annual  and 
annual  reports  each  year.  These  have  been  combined  in  the  first  five  year  re- 
port which  has  been  mimeographed  and  is  availal)le  to  any  reader  on  request. 

This  analysis  will  abstract  the  most  salient  points  from  this  detailed,  five 
j'ear  compilation.  It  is  hoped  that  this  article  will  establish  a  precedent  and  that 
every  five  years,  next  in  iy()3.  The  Journal  of  The  Mount  Sinai  Hospital  will 
publish  such  a  study. 

The  material  in  Talile  I  is  largely  self  explanatory;  however  some  items  re- 
quire comment. 

In  1953,  2781  babies  were  delivered.  This  figure  rose  rapidly  to  4920  in  1957. 
The  proportion  of  two  private  patients  to  one  ward  patient  has  been  constant 
throughout  the  five  year  period;  this  excess  of  private  patients  is  uniciue  when 
compared  to  other  major  services  of  the  Hospital.  In  the  fifth  year  of  its  exist- 
ence the  Maternity  at  The  Mount  Sinai  Hospital  delivered  more  women  than 
any  other  ho.spital  in  Manhattan. 

It  is  common  practice  in  statistical  studies  to  include  all  deliveries  in  which 
the  fetus  exceeded  400  grams  (14  ounces)  regardless  of  length  of  gestation. 
Since  it  is  exceedingly  rare  for  a  fetus  with  a  birthweight  less  than  1000  grams 
(2  pounds,  3  ounces)  to  survive,  these  are  ordinarily  eliminated  from  the  total 
perinatal  death  rate,  yielding  a  corrected  perinatal  rate  for  fetuses  of  1000 
grams  and  over. 

The  combined  term  and  premature  operative  rate  was  03.9%.  This  figure  is 
high  when  compared  to  other  maternities,  the  difference  being  mainly  in  the 
higher  incidence  of  elective  low  forceps. 

Table  III  recjuires  no  interpretation  except  for  the  fetal  loss  figures  in  the 
last  column.  An  infant  may  be  stillborn  or  die  from  one  of  .several  factors;  such 
as  prematurity,  disea.ses  of  the  newborn,  malformations,  maternal  antepartum 
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TABLE  I 

Summary  of  the  Statistics  of  the  First  Five  Years  of  Activity  of  the  Department  of  Obstetrics 


Patients  Delivered 

Private  14089  66.6%  21169 

Ward  7080  33.4% 

Deliveries  (Infants) 

Private  14247  66.5%  21439 

Ward  7192  33.5% 

Maternal  Deaths  7 

Rate  per  1000  Live  Births  0.3 
Live  Births  21076 
Stillbirths  363 

Rate  per  1000  Births  16.9 
Stillbirths  (Over  1000  Gms)  257 

Rate  11.9 
Neonatal  Deaths  (First  28  Days)  269 

Rate  12.7 
Neonatal  Deaths  (Over  1000  Gms)  203 

Rate  9.6 
Perinatal  Deaths  (Stillljirths  and  Xeonatals)  632 

Rate  29 . 4 

Perinatal  Deaths  (Over  1000  Gms)  460 

Rate  (Deducting  172  Immature  Births)  (400-999  Gms)  21.4 
Multiple  Deliveries  (11  Sets  by  Section)  264  1.2% 


TABLE  II 


Maternal  Discharges  by  Type  of  Delivery 


Private 

% 

Ward 

% 

Total 

% 

Fullterm  Spontaneous  Del  

4121 

29.0 

2707 

38.2 

6828 

32.2 

Fullterm  Operative  Del  

8965 

64.0 

3683 

52.0 

12648 

59.8 

Premature  Spontaneous  Del  

344 

2.4 

306 

4.3 

650 

3.1 

Premature  Operative  Del  

556 

3.9 

315 

4.5 

871 

4.1 

Immature  Deliver\'  

103 

0.7 

69 

1.0 

172 

0.8 

Total  

14089 

7080 

21169 

Abortion  0-399  Gms. 

Immature  400-999  Gms. 

Premature  1000-2499  Gms. 

Fullterm  2o00-Gms.  and  Over 


hemorrhage,  cord  difficulties,  etc  etc.  Therefore  the  .specific  factor  under  which 
a  fetal  lo.ss  i.s  listed  may  have  had  no  causal  connection  with  the  death  of  the 
infant.  This  should  be  born  in  mind  when  interpreting  fetal  loss  figures  through- 
out this  study,  for  example  in  Table  III,  breech  extractions.  Very  few  of  these 
infants  died  as  a  result  of  the  mechanics  of  the  breech  birth  itself.  Premature 
infants  and  abnormal  infants  ha^•e  a  greatly  increased  tendencj^  to  present  by 
the  breech;  the  real  factors  responsible  for  the  infant's  death  and  not  its  breech 
presentation. 
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The  eight  failed  foic(>ps  wcie  delivered  by  eesareaii  section,  all  resulting  in 
surviving  infants. 

The  forceps  rate  for  four  other  comparable  teaching  institutions  was  14% 
(1),  30%  (2),  57%  (3),  and  (il  %  (4)  respectively. 

I'lpisiotoiny  was  jierfornied  in  82%  of  all  vaginal  deliveries,  half  median  and 
half  medio-lateral.  I'^xtension  of  the  episiotomj'  to  involve  the  anal  sphincter 
was  six  times  more  fre<iuent  following  the  former;  however  when  anatomically 
repaired  such  a  third  or  fourth  degree  extension  ordinarily  heals  without  se- 
quelae. 

In  Table  \'  the  use  of  pitocin  rcciuires  clarification.  I'itocin  induction  is  the 
initation  of  labor  through  its  administration;  whereas  pitocin  stimulation  is  the 
enhancement  of  labor  already  established.  The  higher  incidence  of  induction  on 
the  piivate  .service  becomes  understandat)le  when  one  realizes  that  a  fair  pro- 
portion of  the  multiparous  private  patients  live  some  distance  from  the  Hospi- 
tal and  labor  by  appointment  is  more  convenient  and  .safer.  To  induce  such  a 
patient  is  common  practice  in  other  hospitals.  However  not  all  pitocin  induc- 
tions are  done  for  convenience,  since  not  infreciuently  complications  of  preg- 
nancy necessitate  the  procedure. 


TABLE  III 

Deliveries  by  Presentation 


Fetal  Loss 

Private 

Ward 

Total 

%  of  Delivery 

No. 

% 

Vertex  

13557 

6818 

20375 

95.0 

451 

2.2 

Breech  

600 

309 

909 

4.2 

158 

17.4 

Face  

17 

15 

32 

0.2 

3 

9.4 

Brow  

12 

19 

0.1 

0 

0 

Compound  

18 

20 

38 

0.2 

9 

23.7 

Transverse  

43 

23 

66 

0.3 

11 

16.7 

Total  

14247 

7192 

21439 

100.0 

632 

2.9 

Twins  

150 

110 

260 

1.2 

42 

8.1 

Triplets  

4 

0 

4 

0.01 

4 

33.3 

TABLE  IV 
Forceps  Deliveries 


Private 

Ward 

Total 

Fetal  Loss 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

Failed  Forceps  

6 

0.1 

2 

0.1 

8 

0.1 

Low  Forceps  

5694 

40.0 

2711 

37.7 

8405 

.39.2 

74 

0.9 

Mid  Forceps  

2325 

16.3 

686 

9.5 

3011 

14.0 

39 

1.3 

Total  

8019 

56.3 

3397 

47.2 

11416 

53.2 

113 

1.0 
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Table  V  shows  that  20.1%  of  our  patients  received  antepartum  or  intra- 
partum pitocin.  The  reports  of  five  other  large  institutions  list  6%  (1),  15% 
(2),  23%  (5),  29%  (3)  and  32%  (4)  of  their  cases  under  the  same  heading. 

Since  both  puerperal  infection  and  pregnancy  toxemia  have  become  unim- 
portant and  infrequent  in  the  last  decade,  the  relative  gravity  of  hemorrhage 
has  increased  since  it  remains  the  one  serious  obstetric  problem  in  which  little 
progress  or  change  has  occurred. 

Table  VI  summarizes  our  experience  with  antepartum  and  postpartum 
hemorrhage. 

TABLE  V 


Miscellaneous  Operations  and  Conditions 


Private 

Ward 

Total 

Fetal  Loss 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

Breech  Spont  

44 

0.3 

25 

0.3 

69 

0.3 

38 

55.1 

Breech  Extraction  

454 

3.2 

254 

3.5 

708 

3.3 

112 

15.8 

110 

0.8 

68 

0.9 

178 

0.8 

13 

7.3 

Breech  At  Section  

96 

0.8 

38 

0.5 

134 

0.6 

8 

6.0 

Cleidotomv   

1 

0.1 

1 

0.1 

2 

0.1 

2 

100.0 

Pit.  Induction  

,2093 

14.7 

186 

2.6 

2279 

10.6 

55 

2.4 

Pit.  Stimulation   

1536 

10.8 

496 

6.9 

2032 

9.5 

75 

3.7 

Prolapse  of  Cord  

81 

0.6 

58 

0.8 

139 

0.6 

18 

12.9 

Version  &  E.xtraction  (Single  Preg.).. 

7 

0.1 

6 

0.1 

13 

0.1 

4 

30.8 

Version  &  Extraction  ^Multiple 

Preg.)  

22 

0.2 

17 

0.2 

39 

0.2 

6 

15.4 

Simple  Transfusion  

264 

1.9 

416 

5.8 

680 

3.2 

Multiple  Transfusion  

134 

0.9 

158 

2.2 

292 

1.4 

Craniotomy  

1 

0.1 

6 

0.1 

7 

0.1 

7 

100.0 

TABLE  VI 
Deliveries  ivith  Hemorrhage 


Private 

Ward 

Total 

Fetal  Loss 

Xo. 

% 

No. 

% 

Xo. 

% 

No. 

% 

Antepartum 

Low  Implantation  

29 

0.2 

11 

0.2 

40 

0.2 

4 

10.0 

Placenta  Previa  

70 

0.5 

25 

0.3 

95 

0.4 

13 

13.7 

Al)ruptio  

191 

1.3 

75 

1.0 

266 

1.2 

72 

27.5 

Marginal  Sinus  

46 

0.3 

25 

0.3 

71 

0.3 

4 

5.6 

Ruptured  Uterus  

20 

0.2 

13 

0.2 

33 

0.1 

7 

20.6 

Total  

356 

2.5 

149 

2.1 

505 

2.4 

100 

19.8 

Postpartum 

Earlv  P.P.  Hem  

383 

2.7 

264 

3.7 

647 

3.1 

Late  P.P.  Hem  

42 

0.3 

17 

0.2 

59 

0.3 

Outlet  Hematoma  

35 

0.3 

9 

0.1 

44 

0.2 

Total  

460 

3.3 

290 

4.1 

750 

3.5 
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Tho  '.]'.]  ruptured  uteri  iiicluclo  the  s(>paration  of  20  prc'vious  cesarean  .section 
sears.  In  18  this  was  u  relatively  benign  eoniplieation,  unsuspected  scai-  <le- 
hi.scence  being  found  aceidently  at  repeat  low  cervical  ce.sarean  section.  .Vll  IS 
babies  survived.  In  one,  the  (iOO  gram  infant  died  neonatally,  the  repeat  ce- 
sarean section  having  l)een  done  for  u  central  placenta  previa.  In  the  remaining 
case,  rupture  was  antepartum  through  the  site  of  two  previous  classical  ce- 
sarean sections.  The  dead  baby  and  placenta  were  found  extruded  into  the 
abdominal  cavity.  All  mothers  did  well. 

Thirteen  intact  uteri  which  had  not  been  operated  for  cesarean  section  rup- 
tured. One  was  an  inexplicable,  spontaneous  rupture  in  a  secundipara;  the 
others  were  traumatic.  Two  cases  followed  version  and  extraction,  four  fundal 
pressure,  four  mid-forceps,  and  two  breech  extraction,  the  latter  through  in- 
completely dilated  cervices.  Eight  babies  and  all  mothers  survived. 

The  rare  occurrence  of  eclampsia  in  modern,  urban  obstetric  practice  is  in- 
dicated by  a  total  of  nine  cases  in  five  years.  None  of  the  nine  patients  was 
seriously  ill,  the  maximum  number  of  convulsions  being  three.  The  almost 
three-fold  greater  incidence  of  toxemia  on  the  ward  compared  to  the  private 
service  has  been  ob.served  in  other  institutions.  At  The  State  University  in 
Brooklyn,  which  has  an  all  ward  service,  the  total  toxemia  rate  was  7.7%  (I). 
In  two  other  institutions  with  combined  private  and  ward  services  the  total 
rate  was  0.7%  (2)  and  8.7%  (4),  materially  higher  than  our  incidence,  4..S%. 

It  is  difficult  to  compare  the  perinatal  rate  of  one  institution  with  another. 
However  since  we  include  all  fetuses  over  400  grams,  which  is  the  minimum 
weight  fetus  any  other  hospital  considers  in  their  compilations,  our  rate  of 
29.4  per  1000  is  exceptional.  The  good  results  are  ob\'iou.sly  the  result  of  su- 
perior pediatric  as  well  as  obstetric  care.  The  rates  for  sistei-  institutions  were 
34.4  (G),  35.()  (5)  and  38.0  (7)  per  1000  respectively. 

The  preferential  rate  at  The  Mount  Sinai  Ho.spital  for  infants  of  private  pa- 
tients compared  to  those  of  ward  patients  is  probably  due  more  to  socio-eco- 
nomic factors  than  to  differences  of  management. 

Table  IX  shows  the  excellent  maternal  results  in  patients  suffering  from 
severe  medical  complications  of  pregnancy,  without  doubt  an  expre.ssion  of 
the  magnificent  cooperation  given  this  department  by  the  other  medical  dis- 


TABLE  VII 
Toxemias 


Private 

Ward 

Total 

Fetal  Loss 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

Pre  eclampsia  

229 

1.6 

356 

4.9 

585 

2.7 

42 

7.2 

Eclampsia  

7 

0.1 

2 

0.1 

9 

0.1 

0 

0 

Chr.  Hvi)erten.<ion  and  Toxemia  

21 

0.1 

51 

0.7 

72 

0.3 

13 

18.1 

Chr.  Hv[)ertension,  no  toxemia  

124 

0.9 

131 

1.8 

255 

1.2 

18 

7.1 

Total  

381 

2.7 

540 

7.5 

921 

4.3 

73 

7.9 
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TABLE  VIII 


Total  Number  of  Live  Births  and  Neonatal  Deaths 


Birth  \Vt.  Grams 

Private 

Ward 

Total 

Total 
Live 
Births 

Died 

%  Deaths 

Total 
Live 
Births 

Died 

%  Deaths 

Total  Live 
Births 

Died 

% 
Deaths 

400-999  

1000-1499   

1500-1999   

2000-2499 
2500- &  Over. . . 

Total  

40 
70 
171 

682 
13079 

38 
37 

19 
20 
46 

160 

95.0 
52.9 
11.1 
2.9 
0.4 

1.1 

32 
46 
130 

455 
6371 

7033 

28 
22 
14 
8 
37 

109 

87.5 

47.8 
10.8 
1.8 
0.6 

1.5 

72 

116 
301 
1137 
19450 

66 
59 
33 
28 
83 

269 

91.7 
50.9 
11.0 
2.5 
0.4 

14043 

21076 

1.3 

Total  Number  of  Stillbirths 

Birth  \Vt.  Grams 

Private 

Ward 

Total 

Total 
Births 

Still- 
births 

%  Still- 
births 

Total 
Births 

Still- 
births 

%  Still- 
births 

Total 
Births 

Still- 
births 

% 

Still- 
births 

400-999   

1000-1499   

1500-1999   

2000-2499   

2500- &  Over  .  .  . 

Total  

105 

103 
198 
705 
13136 

65 
33 
27 
23 
56 

204 

61.9 
32.0 
13.6 
3.3 
0.4 

1.4 

73 
65 
146 
479 
6429 

7192 

41 
19 
16 
24 
59 

159 

56.2 
29.2 
11.0 
5.0 
0.9 

2.2 

178 
168 

344 
1184 
19565 

106 
52 
43 
47 

115 

363 

59.6 
31.0 
12.5 
4.0 
0.6 

1.7 

14247 

21439 

Total  Nuntber  of  Stillbirths  and  Neonatal  Deaths  (Perinatal) 

Weight  Grams 

Private 

Ward 

Total 

Total 
Births 

Still- 
births 
and  Neo- 
natal 
Deaths 

% 

Total 
Births 

Still- 
births 
and  Neo- 
natal 
Deaths 

% 

Total 
Births 

Still- 
births 
and  Neo- 
natal 
Deaths 

% 

400-999   

1000-1499  

1500-1999   

2000-2499   

2500- &  Over.  . 

Total  

105 
103 
198 
705 
13136 

103 
70 
46 
43 

102 

364 

98.1 
68.0 
23.2 
6.1 
0.8 

2.6 

73 
65 

146 
479 
6429 

7192 

69 
41 
30 
32 
96 

268 

44.5 
63.1 
20.5 
6.7 
1.5 

3.7 

178 

168 

344 
1184 
19565 

172 
111 
76 
75 
198 

632 

96.6 
66.1 
22.1 
6.3 
1.0 

2.9 

14247 

21439 

ciplines  of  the  hospital.  There  was  one  death  among  203  pregnant  women  with 
cardiac  disease,  no  deaths  among  391  cases  of  pulmonary  tuberculosis,  one 
death  among  150  diabetics  and  2  deaths  in  31  patients  with  severe  hematologic 
complications. 

Special  clinics  have  been  established  for  the  major  medical  complications  of 
pregnancy:  heart  disease,  pulmonary  disease,  diabetes,  etc.,  presided  over  by 
members  of  the  medical  and  obstetric  departments  jointly. 
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Cardiac  patients  who  coukl  not  liavo  survived  pre<^nanc'y  a  decade  ago  have 
l)een  carried  through  pregnancy  and  \-aginal  delivery  with  safety.  The  only 
cardiac  patient  h)st  was  an  uin-egistered  ward  multipara  who  was  admitted  in 
terminal  faihn-e  and  died  'M\  hours  later. 

Today  with  the  aid  of  the  specific  drugs,  i)ati(Mits  with  active  and  inactive 
tuberculosis  can  almost  always  be  carried  through  pregnancy  without  increas- 
ing the  gravity'  of  their  pulmonary  condition.  As  a  matter  of  fact  most  pa- 
tients improve  remarkably  while  pregnant  if  maintained  under  the  proper  drug 
regimen,  even  when  ambulatory. 

In  diabetics  the  drastic  maternal  and  fetal  mortality  of  gestation  has  l)ecn 
greatly  reduced  through  \igilant  medical  care  and  premature  delivery,  the 
latter  to  reduce  fetal  lo.ss.  Our  policy  is  to  terminate  pregnancy  28  days  before 
the  calculated  delivery  date  by  induction  when  feasible,  otherwise  cesarean 
section.  Fetal  salvage  of  86  per  cent  in  diabetic  patients  is  good,  but  not  as  good, 
we  trust,  as  the  next  five  year  report  will  show. 

Table  X  summarizes  our  results  with  diabetes. 

T.\BLE  IX 


Delicirries  with  Medical  Complications 


Private 

Ward 

Total 

Fetal  Loss 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

Heart  Disease 

No  Faihire  

85 

0.6 

107 

1.5 

192 

0.9 

7 

3.6 

Failure  

6 

0.1 

5 

0.1 

11 

0.1 

1 

9.1 

Tuberculosis 

I'uhnouarv,  active  

3 

0.1 

32 

0.4 

35 

0.2 

1 

2.9 

Pulmonary,  inactive  

40 

0.3 

216 

3.0 

256 

1.2 

5 

2.0 

Xon-Pulmonarv  

1 

0.1 

13 

0.2 

14 

0.1 

3 

21.4 

Diabetes  

62 

0.4 

88 

1.2 

150 

0.7 

24 

16.0 

Sickle  Cell  Anemia  

0 

0 

18 

0.2 

18 

0.1 

2 

11.1 

Afibrinogenemia  

8 

0.1 

5 

0.1 

13 

0.1 

5 

38.5 

TABLE  X 
Analysis  of  150  Diabetics 

Type  of  Delivery 

A.  Cesarean  Sections  (64)       Fetal  Loss — 5 

Primary  (38)  2 
Repeat  (26)  3 

B.  Vaginal  Delivery   (86)       Fetal  Loss— 19 
Perinatal  Mortality  (24)— 16% 

A.  Stillbirths— 1& 

2 — Immatures 

14— No  F.  H.  on  Adm. 

B.  Xconatals — 8 

2 — Prematurity 

1 — Apnea  and  anoxia 

1 —  CXS  hem.  Pit.  ituiuction — s])ont.  del. 

2 —  Hyaline  mcml^rano  disease 
2 — Congenital  .\nomalies 
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111  previous  publications  we  discussed  the  functioning  of  an  Abortion  Com- 
mittee at  The  Mount  Sinai  Hospital  (8,  9).  It  is  interesting  that  it  was  found 
necessary  to  terminate  pregnancy  in  onlj-  9  out  of  212  cardiac  patients,  2  out 
of  293  cases  of  pulmonary  tuberculosis. 

In  their  classic  study  on  the  incidence  of  cesarean  section  in  Xew  York  City, 
1954  and  1955,  Erhardt  and  Gold  include  a  table  giving  the  incidence  figures 
for  all  the  voluntary  hospitals  of  the  city  (7).  The  11,352  cesarean  operations 
gives  a  total  incidence  rate  of  5.7%;  6.3%  among  private  patients  of  voluntary 
hospitals  and  4.2%  for  their  ward  patients.  As  can  be  ob.served  by  comparing 


TABLE  XI 
Therapeutic  Abortions:  112  (0.52%) 


Private 

Ward 

81 
01 

Indication 

Familial  Dvsautonomia  (Daughter)  

1 

0 

P.svchiatric  

26 

17 

IVII  [Jei  Id    

26 

3 

Cardiac  

4 

5 

0.steogenesis  Imperfecta  (Mother)...  

0 

1 

Lobectomy  :  

1 

0 

Metastatic  Melanoma  

2 

0 

Diseased  Single  Kidnev  

2 

0 

Post  Conception  Therapeutic  X-rav  

1 

0 

Severe  Tuberculosis  

1 

0 

Chronic  Lacerated  Colitis  

1 

0 

.\dvanced  Hodgkins  

1 

0 

Hemophilia  (son)  

2 

0 

Radicular  disease  (Chr.  back)  

1 

0 

0 

1 

Severe  Ilio-jejunitis  

1 

0 

Chronic  Nephritis  

0 

1 

Ca  Thyroid  

3 

0 

Chronic  Lung  Infection  

0 

1 

Thrombosis-Retinal  Artery  

1 

0 

Amputation — Both  Legs  

0 

1 

Rh-sensitization — severe  

1 

0 

Ca  Breast  

6 

1 

TABLE  XII 

Primary  and  Repeat  Sections  (1250) 


Priv. 

Ward 

Total 

No. 

% 

No. 

% 

No. 

Primary  

458 

3.2 

171 

2.4 

629 

2.9 

Repeat  

469 

3.3 

152 

2.1 

621 

2.9 

Total  

927 

6.5 

323 

4.5 

1250 

5.8 

TABLE  XIII 
Cesarean  Sections 


Private 

Ward 

Fetal  Loss 

1 .  Type  of  Operation 

TOO 

220 

05 

Classical   

29 

9 

4 

Classical  and  Tubal  sterilization  

11 

14 

1 

Low  cervical  and  Tubal  sterilization  

83 

66 

3 

Cesarean  Hxsterectoniv   

14 

13 

4 

Extra))eritoneal 

0 

1 

1 

Total                              (1250)  (5.8%) 

— 

927  (6.5%) 

— 
323 

(4.5%) 

— 

50  (4.0%) 

2.  Indications 

A.  Contracted    Pelvis    and  Mechanical 

Di/stocia   

189 

101 

2 

B.  Previous  Operations  on  I'lerus 

1.  Previous  section  

467 

144 

16 

2.  Previous  mvomectomv  

34 

3 

1 

3.  Previous  abdominal  hxsterotomy . . . . 

5 

0 

0 

4.  Previous  repaired  ruptured  uterus.  . 

I 

1 

1 

0.  Previous  fundectoniv 

1 

0 

0 

6.  Previous  plastic  for  double  uterus.  . 

1 

0 

0 

Previous    Operations    on    Cervix  and 

Vodina 

14 

5 

0 

2.  Previous  cervical  operation  

2 

0 

0 

3.  Previous  recto-vaginal  surgerv  

1 

0 

0 

C.  Hcinorrhafiic  Complications 

1.  Prem.  Sep.  Placenta  

41 

8 

13 

2.  Previa   

47 

17 

6 

3.  Marginal  Sinus  Rupt  

1 

0 

0 

4.  Low  Implantation— Placenta  

2 

1 

0 

1).  Toxemias 

1 .  Elclampsia.  .   

1 

0 

0 

9 

1 

0 

0 

2 

0 

E.  J nicrcurrcnl  Disease 

1.  Diabetes  (Primary  section  only)  ... 

25 

13 

2 

2.  Ca  Thvroid  and  Fibroids  

1 

0 

0 

3.  Permanent  Iliostomv   

1 

0 

0 

4.  Gastrectomy,  malnutrition,  cardiac 

failure  

1 

0 

1 

5.  Residual  cereljral  palsv  

1 

0 

0 

F.    M  isrellatteous 

36 

13 

4 

2.  Elderly  primip.  plus  other  factors... 

24 

1 

1 

3.  Prolapsed  Cord  

12 

g 

2 

4.  Prev.  Subarachnoid  Hem  

3 

0 

0 

7 

1 

A 
U 

6.  Teaching  (Section-Hysterectomy 

for  sterilization  

0 

2 

0 

7.  Rupt.  uterine  vessels  during  appen- 

ded omv  

0 

1 

1 

8.  Ca.  Cervix  in  Situ   

0 

1 

1 

0 

419 
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TABLE  XIV 
Summary  of  Cesarean  Section  Fetal  Loss  (50 — 4-0%) 


Xumber 


A.  Immatures  (500-999  grams)  

B.  Congenital  Abnormalities  (over  1000  grams)  

C.  No  Fetal  Heart  on  Admission  to  Hospital  (over  1000  grams) , 

1.  Diabetics:  (Twin  B);  (3  previous  sections  for  diabetes). 

2.  Premature  separation  of  placenta  

3.  Afibrinogenemia — previous  myomectomy 

4.  Twin  B  


D.  Diseases  of  the  Xewborn  

1.  Hemolytic  disease  

2.  Hj'aline  membrane  disease  . 

3.  Atelactasis  or  asphyxia  

4.  Prematurity  onh-  

5.  CXS.  hemorrhage- 

6.  Septicemia  

7.  ABO — incompatability 


-long  labor. 


E.  Anoxia  

1.  Fetal  Distress — cause  unknown  

2.  Placenta  Previa  (includes  prematurity)  

3.  Premature  separation  of  placenta  

4.  Post  mature  (questionable  F.H.  before  section). .  .  . 

5.  Ruptured  uterus  through  2  previous  classical  scars. 

6.  Diabetic  (mother)  

7.  Prolapsed  cord  (Twin  A)  


5 
8 
6 
2 
2 
1 
1 

15 
1 
5 
5 
1 
1 
1 
1 

16 
1 
5 
6 
1 
1 
1 
1 


these  figures  with  Table  XII,  the  incidence  at  The  Blount  Sinai  Hospital  closely 
approximates  the  community  figtu'e  for  voluntaiy  hospitals. 

Table  XIII  summarizes  the  tj'pe  of  cesarean  sections  done  and  the  indica- 
tions for  each  operation. 

Table  XIV  shows  the  cause  of  death  in  45  infants  weighing  over  1000  grams 
who  were  either  stillborn  (15)  at  the  time  of  cesarean  section  or  who  died  neo- 
natally  following  the  procedure  (30).  As  may  be  observed  cesarean  section  is- 
sues no  guarantee  that  a  baby  will  survive  its  delivery. 

One  woman  among  the  1250  delivered  by  cesarean  section  died.  This  patient 
succumbed  suddenlj^  31  hours  postoperatively  of  a  massive  saddle  embolus. 
Our  very  low  mortality,  8  per  10,000  is  considerably  less  than  reported  by 
Erhardt  and  Gold  for  all  of  New  York,  22  per  10,000  (7).  We  trust  the  differ- 
ence is  not  due  to  sampling,  after  adding  together  the  figures  for  four  such  five 
year  reports  this  answer  will  be  known. 

^^aginal  delivery  after  previous  cesarean  section  was  permitted  to  8.3%  of 
the  patients;  5.1%  were  private  and  17.2%  ward  patients. 

STEKILIZATIOX 

Cognizant  of  the  almost  insuperable  socioeconomic  burden  excessive  fe- 
cundity places  upon  poor  families  living  in  a  great  metropolis,  we  determined 
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to  offer  puerperal  sterilization  to  those  clinic  patients  desiring  it  who  were 
being  delivered  of  at  least  a  sixth  living  child,  regardless  of  the  mother's  age. 
As  it  was  felt  tliat  older  women  were  more  mature  and  less  likely  to  act  impul- 
sively in  respect  to  sterilization,  we  permit  mothers  30  to  '.ii)  years  old  to  be 
sterilized  with  their  fifth  living  child,  and  those  over  35  with  the  fovnih. 

Soon  after  these  rules  were  put  in  force  for  the  clinic  population,  tlui  stafl' 
re(iuested  that  the  private  patient  should  not  be  discriminated  against  and 
asked  that  the  same  rules  be  applied  to  all,  regardless  of  socio-economic  status. 
The  logic  of  the  recjuest  made  its  acceptance  automatic. 

Even  the  short  period  of  five  years  covered  by  this  statistical  report  shows 
a  shift  in  obstetrical  thinking.  In  19o3,  the  majority  of  the  patients  were  ster- 
ilized at  the  completion  of  the  second  cesarean  section;  today  we  rarely  sterilize 
the  woman  at  the  first  repeat  cesarean  section  unless  the  operation  gives  the 
couple  a  third  living  child.  It  has  been  proved  by  recent  studies  that  the  pre- 
cise number  of  previous  cesarean  operations  has  little  or  no  relationship  to  the 
safety  of  either  another  pregnancy  or  another  cesarean  delivery  (10).  The  only 


TABLE  XV 
Sterilizations:  796  (3.76%) 


Private 


Ward 


Operation 

Tubal,  puerperiimi  

Cesarean — Tubal  Ligation  

Cesarean  Hysterectomy  

Hysterectomy,  jmerperal,  elective 


56 
93 
4 
0 


506 
71 
12 
54 


153  (1.08%) 


643  (0.08%) 


Indications 

Bad  Obs.  History  (Abnormal  Children) .  .  . 

Chronic  Nephritis  

Acute  Asthma  

Obstructing  I'elvic  tumor  

Previous  Section  

Multiparity  

Prev.  Vaginal  Plastic  

Brain  Tumor  

Psychiatric  

Heart  Disease  

RH-sensitization  

Chronic  Hypertension  

Collagen  Disease  

Mental  Retardation  

Prev.  Nephrectomy  

Severe  Varicosities  

Diabetes  

Third  Degree  Uterine  Prolapse  

Obstructive  Jaundice  

Epilep.sy  

Hodgkins  


2 
1 
1 
1 
86 
36 
6 
0 
2 
5 
1 
3 
0 
0 
1 
5 
1 
1 
0 


0 


2 
1 
1 
0 
62 
544 
0 
1 
8 
6 
0 
5 
1 
1 
0 
3 
5 
0 
1 
1 
1 
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patients  in  our  opinion  who  truly  qualify  for  sterilization  on  the  pure  grounds 
of  the  repeat  operation  are  those  few  who  live  in  fear  and  dread  of  another  de- 
livery by  laparotom3^ 

The  54  electi^'e  puerperal  hysterectomies  shown  in  Table  X\'  on  the  ward 
service  following  a  vaginal  delivery  were  done  in  large  measure  to  provide  the 
resident  staff  Avith  ready  experience  in  this  major  obstetric  procedure.  However 
some  experienced  obstetricians  prefer  this  method  of  sterilization  routineh' 
since  it  is  almost  fool  proof  as  far  as  reimpregnation  is  concerned,  and  surgi- 
cally eliminates  a  useless  organ  which  may  become  the  site  of  potential  pa- 
thology. 

As  far  as  known  there  were  no  immediate  or  remote  deaths  associated  with 
a  sterilization  procedure  and  no  pregnancies  have  been  reported  to  date. 

MATERXAL  MORTALITY 

In  the  course  of  21,169  pregnancies  and  deliveries,  7  women  died  of  maternal 
causes,  giving  a  rate  of  3.3  per  10,000.  In  the  same  five  year  period,  no  patient 
died  on  either  the  obstetrical  or  gynecological  service  of  this  hospital  from  an 
ectopic  pregnancy  or  septic  abortion.  In  addition  to  the  7  maternal  deaths 
there  was  one  adult  death.  The  death  appeared  to  have  no  causal  relationship 
with  the  pregnant  or  delivered  state.  This  private  patient  had  a  normal  de- 
livery at  the  Hospital  and  suddenly  died  at  home  two  weeks  postpartum.  Post 
mortem  by  the  medical  examiner  showed  death  from  a  coiigenital  cerebral 
aneurysm. 

As  in  most  reports  of  this  type,  there  was  a  preferential  mortality  on  the 
private  service  compared  to  the  ward.  The  rate  on  the  private  service  was  2.1 
per  10,000  and  on  the  ward  service,  5.6  per  10,000.  The  national  rate  for  the 
whole  country  fluctuates  between  4  and  5  per  10,000.  In  Xew  York  City  for 
1954-1955,  the  rate  was  5.0  per  10,000  (7). 

An  abstract  of  the  7  maternal  deaths  follows: 

1.  The  patient,  an  18  year  old  clinic  Puerto  Rican,  primigravida  was  due  2/27/54.  There 
were  5  prenatal  clinic  visits,  the  first  on  11/12/53.  Past  history  was  negative.  Urine  negative 
for  sugar  and  albumin  on  several  occasions.  The  significance  of  one  urine  positive  for 
glucose  was  overlooked.  Admitted  on  1/7/54  because  of  vomiting,  blurring  of  vision,  and  no 
fetal  movements  for  24  hours. 

The  total  weight  gain  was  10  pounds.  She  showed  1  plus  edema,  no  F.H.,  B.P.  150/90, 
vertex  engaged,  34-35  weeks  pregnant.  Diagnosis,  pre-eclampsia,  not  in  labor,  possible 
premature  separation  of  the  placenta  and  intrauterine  death.  She  was  treated  for  toxemia 
and  delivered  a  macerated  3130  gm  spontaneously  after  4}^  hours  of  labor.  A  catherized 
urine  at  time  of  delivery  showed  a  trace  of  albumin  and  a  3  plus  sugar  (I.V.  pitocin  in  glu- 
cose for  induction)  and  no  acetone.  It  was  erroneously  interpreted  by  the  house  staff  that 
the  positive  urinary  sugar  resulted  from  the  I.V.  glucose  solution.  Her  blood  pressure  was 
normal  on  the  second  postpartum  day  and  discharged  to  the  Postpartum  clinic  on  1/24/54 
in  good  condition. 

That  same  evening  1/24/54,  she  was  seen  in  the  emergency  ward  because  of  inability  to 
sleep,  hallucinations,  palpitation,  and  retching.  A  diagnosis  of  anxiety  reaction  was  made 
by  a  member  of  the  medical  house-staff  and  the  patient  sent  home.  She  returned  later  in  the 
evening  with  the  same  complaints.  She  was  examined  again  by  the  admitting  physician  and 
the  psj'chiatric  resident,  whose  diagnosis  was  acute  psj'chosis.  She  was  advised  hospitali- 
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TAB  LI-;  XVI 


Analysis  of  Perinatal  Deaths  (6S2) 


Stillbirths 


Neonatal 


Total 


Ininiatures   

Malformations   

Deaths  before  Adiuissioii  (No  F.H.) 
Diseases  of  Newborn 

Prematurity  &  Prematurity  with  Disease 
Other  causes — Anoxia,  Trauma,  etc  


107 
25 

163 
0 
22 
46 


65 
33 
0 
64 
65 
42 


172 
58 

163 
64 
87 
88 


Total 


363 


269 


632 


hnmatures  (172)  (400-999  gms) 

107  still  births:  No  F.H.  (82);  Intrapartum  (25) 

65  Neonatals 
Mdlfdiinatioiis  (60)  (lOOO  gins,  and  over) 

27— Still  births 

33 — Neonatals 
Deaths  Before  Admission  (161)  (1000  gms.  and  over) 

13 —  Rh.  neg.  mothers — sensitized 

20 — Prem.  Sep.  Plac.  (1  with  Afibrinogenemia) 
8 — Severe  toxemias 

7 —  Tight  cord  around  neck 

14 —  Diabetics 

2— ABO— Incompatibility 

1 —  Rupt.  L'terus  (Prev.  Classical  Scar) 

2 —  Prola])sed  cord 

1 —  Drug  Addiction 
93 — Cause  unknown 

Diseases  of  Neivborn  (64)  (1000  gms.  and  over) 
20 — Atalectasis  and  asjjhyxia 

2 —  Pneumothorax 

1 — Anoxia  (Diabetic  Mother) 
1 — ABO — Incompatibility 
13 — Hemolytic  Disease 

4 —  Cardiac 

1 — High  temp,  before  death — cause  unknown 

8 —  Hyaline  membrane  disease 

5 —  Pneumonias 

4 — Intestinal  malformations — operated 
1 — Se|)ticemia 

1 —  Diarrhea — severe 

2 —  Hemorrhagic  Disease 

Prematiniti/  and  Prematuritij  with  Cotnplicalions  (87)  (1000  gms.  and  over) 
22 — Intrapartum 

9 — Prematurity- 

8 — Prematurity  with  Prem.  Sep.  Placenta  (7)  or  Previa  (1) 
1 — Prematurity  with  Congested  Lungs 
3 — Prematurity  with  Pre-eclampsia 
1 — Prematurit>-  with  Prolapsed  cord 
65 — Xeonatal 

32 — Prematurity 

16 — Prematurity  with  Prem.  Sep.  (14)  or  Previa  (2) 
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TABLE  XVI— Continued 
2 — Prematurity  with  Diabetes 
11 — Prematurity  with  Atalectasis 
1 — Prematurity  with  Endometritis 
1 — Prematurity  with  Pre-eclampsia 
1 — Prematurity  with  Pneumonia 
1 — Prematurity  with  Subarachnoid  Hem. 
Other  Causes — Anoxia,  Traumatic,  etc.  (88)  (1000  gms.  and  over) 
47 — Intrapart  um 

A.  Anoxia — Previa  and  Prem.  Sep.  Placenta  (4) 

— Cord  around  Neck  (9) 

— Prolapsed  Cord  (6) 

— Rupt.  Uterus  (1) 

— Fetal  Distress  (7) 

— Pit.  Induction — Unattended  (1) 

B.  Traumatic — Br.  Extractions  (8)  with  rupt.  uterus — 1 

— Craniotomy  (2)  Br. — 1,  mistaken  Hjdrocephalus — 1 
— Mid  Forceps  (3)  CXS — Hem. — 2,  Asphyxia — 1 
— Shoulder  Dystocia  (All  vertex)  (4) 

C.  Amnionitis  (1) 

D.  Cause  Unknown  (1)  Spont.  Del. 
41 — Neonatal 

A.  Anoxia — Previa  and  Prem.  Sep.  Placenta  (5) 

—Fetal  Distress  (7) 
—Br.  Extraction  (2) 

B.  Traumatic 

Forceps  (9j,  CXS  hem. — 7,  pneumothorax — 1,  cause  unknown — 1 
Breeches  (10)  CXS  hem. — 8,  pneumothorax — 2 

Pit.  Induction  (2)  Diabetic  spont.  CXS  hem. — 1,  Rising  antibodies,  spont.  CXS 
hem. — 1 

C.  Cause  Unknown  (6)  Spont. — 4,  Low  Forceps — 2 

zation  on  the  Bellevue  Psychiatric  Division  but  the  patient's  husband  objected  and  signed 
the  patient  out. 

The  next  information  was  that  the  patient  died  at  home  the  following  day.  Autopsy  done 
at  Bellevue  Hospital  attributed  death  to  diabetic  acidosis.  Death  preventable. 

2.  A  private  35  year  old  white  para  0010,  who  had  had  a  myomectomy  in  1953.  Physical 
examination  was  normal.  Pelvimetry'  done  2  weeks  before  term  showed  slight  pelvic  con- 
traction. Admitted  16  days  past  expected  date,  with  a  normal  blood  pressure,  an  unengaged 
vertex,  and  a  long  closed  cervix.  The  following  morning  1/25/55,  under  spinal  anesthesia,  a 
low  flap  cesarean  section  resulted  in  a  2890  grams  living  child.  Postoperative  course  un- 
eventful until  9  A.M.,  1/27/55,  when  the  floor  nurse  heard  a  moaning  and  groaning  sound 
in  the  patient's  room.  The  patient  was  found  on  the  floor,  near  her  bed,  cyanotic  and  mori- 
bund. Autopsy  revealed,  fresh  clots  in  the  lower,  left  calf  veins  and  a  saddle  pulmonary 
embolus.  Xonpreventable. 

3.  A  38  year  old  private  para  2002,  with  a  negative  past  history  and  two  previous  normal 
deliveries.  Admitted  on  9/27/55,  at  term,  membranes  ruptured.  Induced  by  I.V.  pitocin 
drip;  four  hours  later  when  8  cm.  dilated  developed  moderate  watery  vaginal  bleeding 
which  did  not  clot.  A  sample  of  venous  arm  blood  did  not  clot,  although  blood  which  had 
been  drawn  on  admission  clotted  well  and  the  clot  persisted.  Twenty  minutes  later  the 
patient  delivered  a  3850  grams  stillborn.  There  was  profuse  bleeding.  The  blood  did  not 
clot  and  the  jjatient  went  into  profound  shock.  Had  a  terminal  premature  separation  of  the 
placenta  with  afibrinogenemia.  In  the  space  of  4  hours  she  received  11  units  of  blood  and 
8  grams  of  fibrinogen.  For  several  days  she  failed  to  rally  from  her  profound  shock -despite 
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constant .  licroic  tlitMap.w  Her  iiiiiiai'v  output  was  30-50  cc.  ovei^'  '.i  to  4  lioms.  On  9/29/55, 
t  he  third  post  part  uni  day.  t  he  total  24  liour  output  was  420  cc.  Tlie  fibrinogen  level  before  de- 
livery was  144  nigni  percent.  After  the  transfusions  and  fihrinonen  it  rose  to  244  mgni. 
percent.  The  Hgl)  was  12.2  grams  and  the  blood  platelets  were  113,000. 

On  9/30/55  the  patient  ap])eared  alert,  the  urinary  output  was  1150  cc.  in  12  hours.  She 
appeared  improved.  On  10/2/55  she  showed  marked  improvement  and  her  output  was  2500 
cc.  On  10/4/55  her  fibrinogen  level  was  197  mgm.  %;  the  clotting  time  was  10  minutes;  the 
clot  still  friable.  The  prothrombin  time  was  17  seconds  and  her  urinary  output  decreased. 
On  10/5/55,  8  days  after  delivery  the  patient  had  a  mild  convulsion  antl  died  10  minutes 
later.  Autopsy  revealetl  a  thrombophlebitis  of  the  right  lower  extremity  with  pulmonary 
embolism  secondary  to  severe  shock,  from  hemorrhage  and  afibrinogenemia.  She  had  fresh 
vegetations  on  the  heart  valves  and  an  extensive  necrosis  of  the  anterior  ])ituitar\'  (Shee- 
han's  syndrome).  Death  nonpreventable. 

4.  The  patient  was  a  private  29  year  old  para  0000,  with  a  normal  past  history  and  a 
normal  prenatal  course.  She  was  admitted  at  term  at  5  A.M.,  4/22/56  in  early  labor.  At 
10:20  A.M.  after  8  hours  of  labor  she  was  delivered  by  low  forceps  of  a  3450  grams  living 
infant  over  a  right  mediolateral  episiotomy.  The  second  stage  was  50  minutes,  i)lacenta 
delivered  spontaneously'.  There  was  a  sudden  gush  of  about  UK)0  cc.  of  blood.  Inspection 
of  the  vagina  revealed  an  episiotomy  extension  up  to  the  right  lateral  fornix,  but  no 
definite  bleeding  site.  The  ajiex  of  the  extension  was  sutured.  The  active  bleeding  subsided 
and  complete  visualization  of  the  cervix  and  manual  intrauterine  exploration  failed  to 
reveal  tears.  The  uterus  remained  contracted  and  firm  following  the  delivery  of  the  placenta. 
The  episiotomy  and  its  extension  were  repaired,  the  vagina  was  packed.  The  patient  began 
to  hemorrhage  again  and  went  into  shock.  The  shock  persisted  despite  multiple  transfusions. 
The  uterus  became  boggy  and  there  was  bleeding  through  the  vaginal  packing,  which  was 
removed.  With  blood  running,  a  subtotal  hysterectomy  performed.  The  patient  died  about 
4  hours  after  delivery.  Death  was  attributed  to  postpartum  hemorrhage.  Death  deemed 
preventable,  as  all  jjostpartimi  hemorrhage  deaths  should  be  considered.  Transfusion  may 
have  been  initiated  too  late. 

5.  The  patient  was  a  32  year  old,  clinic,  negress,  para  3003.  Her  past  obstetrical  history 
and  preiuital  clinic  visits  were  normal.  She  was  admitted  at  term  in  spontaneous  early  labor. 
She  received  demerol  and  scopolamine  sedation  and  was  taken  to  delivery  room  after  a 
first  stage  of  5  hours.  Meconium  stained  fluid  obtained  on  rupturing  the  membranes.  Low 
forceps  done  and  a  3370  grams  living  child  delivered.  Placenta  delivered  during  the  episi- 
otomy repair.  The  blood  was  dark  and  the  color  did  not  improve  with  oxygen.  At  this  point 
there  was  no  noticeable  pulse  or  blood  pressure.  Intravenous  levophed  was  started  with 
no  effect  on  the  blood  pressure.  KCd  revealed  a  ventricular  tachycardia  of  300.  The  clinical 
impression  was  massive  amniotic  fluid  embolism.  There  had  been  no  l)leeding.  The  cardiac 
rhythm  returned  to  normal  following  the  intravenous  administration  of  one  minim  of  epi- 
nephrine and  the  blood  pressure  was  obtainable  at  120/80.  But  vaginal  bleeding  supervened 
at  this  point  and  the  blood  tested  showed  no  tendency  to  clot.  In  the  next  30  minutes  6 
grams  of  fibrinogen  and  4  units  of  whole  blood  were  administered  under  pressure.  Two 
hours  after  delivery,  ventricular  fibrillation  occurred,  then  cardiac  standstill.  Autopsy 
confirmed  the  clinical  impression  of  amniotic  fluid  emVjolism.  Non-preventable  death. 

6.  The  patient  a  36  year  old,  imregistered  negress,  para  5-1-3-6,  was  admitted  at  33  weeks 
gestation.  Her  past  obstetrical  history  was  normal  except  for  hypertension  since  her  third 
pregnancy  in  1945.  After  several  of  her  previous  deliveries  sterilization  had  been  advised 
at  Harlem  Hospital  which  the  patient  refused.  During  the  current  pregnancy  she  first  at- 
tended the  Harlem  Hospital  prenatal  clinic  at  30  weeks  gestation.  They  foimd  her  to  be 
hypertensive  with  clinical  signs  of  congestive  heart  failure.  She  consulted  a  private  physi- 
cian who  treated  her  with  a  low  salt  diet,  mercurials  and  digitoxin.  After  one  week  of  treat- 
ment without  response,  she  finally  consented  to  hospitalization  and  was  admitted  to  this 
service. 

The  admission  physical  revealed  dyspnea  at  rest,  B.P.  2.30/110,  grade  three  hypertensive 
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retinopathy,  enlarged  heart,  systolic  and  diastolic  murmurs,  clear  lungs  and  enlarged  liver. 
Laboratory  studies  were  normal.  Chest  x-ray  revealed  marked  increase  in  the  cardiac  di- 
ameter. The  ECG  showed  evidence  of  digitalis  toxicitj-.  Treatment  consisted  of  diet,  seda- 
tion and  mercurials.  The  diagnosis  by  the  medical  consultants  was  pregnancy  35  weeks, 
hypertensive  cardiovascular  disease,  probable  old  rheumatic  heart  disease  with  mitral 
stenosis  and  insufficiency  and  congestive  heart  failure. 

A  rapid  spontaneous  delivery  occurred  in  bed  after  44  hours  of  hospitalization,  before 
any  real  response  of  therapy.  Acute  ijulmonarv  edema  developed  during  the  first  stage  of 
labor.  Despite  vigorous  treatment,  she  became  comatose  and  went  into  vasomotor  collapse 
and  died  3}^  hours  after  deliverj'.  Death  was  due  to  congestive  heart  failure.  Autopsy  con- 
firmed clinical  impression.  Preventable  death.  Patient's  responsibility  for  not  seeking 
earlier  hospital  care. 

7.  The  patient  was  a  28  year  old  clinic  negress,  para  6-1-0-6  with  known  sickle  cell  disease. 
Her  prenatal  course  was  normal.  The  anemia  was  followed  in  the  special  hematologic- 
obstetric  clinic.  Last  visit  8/9/57  ,  29  weeks  gestation.  She  had  no  complaints.  She  was  to 
return  in  3  days  for  repeated  laboratory  work  and  possible  transfusion,  but  failed  to  keep 
the  appointment.  In  follow-up  by  phone  we  discovered  that  the  day  after  her  clinic  visit 
she  complained  of  severe  headache,  but  had  seen  no  doctor.  The  following  morning  headache 
worse.  When  her  husband  returned  home,  he  found  the  patient  dead  in  bed.  The  coroner's 
impression  was  sickle-cell  disease  of  pregnancy.  We  did  not  learn  of  these  events  until 
3  days  after  the  patient  died.  Since  the  coroner  was  satisfied  homicide  was  not  involved, 
autopsy  was  not  done.  We  therefore  have  little  information  and  can  only  assume  that  death 
resulted  either  from  a  ruptured  intracranial  aneurysm  or  cerebral  thrombosis  with  a  silent 
sickling  crisis.  Preventabilitj^  of  death  difficult  to  evaluate. 
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IN'THODrcTIOX 

Chlorproiiuizino  in  both  our  lal)()ratory  and  clinic  has  bctMi  oh.sorvccl  to  alter 
.signs  and  symptoms  of  diseases  of  the  nervous  system.  This  action  is  reminiscent 
of  the  effect  of  amobarbital  on  disorders  of  the  nervous  system,  as  demonstrated 
in  previous  comnumications  from  this  department  (1-4).  We  have  observed,  for 
example,  that  amol)arbital  will  stop  the  pathological  spontaneous  nystagmus  of 
forward  gaze.  It  may  also  make  a  hemiparesis  more  apparent,  or,  in  disease  of 
the  nervous  system,  induce  a  motor  deficit  whicli  was  not  noticeable  before  the 
amobarbital  was  injected. 

These  results  illustrate  the  principle  that  a  change  in  the  background  physio- 
logical activity  of  the  ner\-ous  system  induced  by  drugs  may  change  the  pattern 
of  a  physiological  response.  With  this  principle  in  mind,  a  study  of  the  effects  of 
chlorpromazine  was  carried  out  on  two  series  of  monkeys.  One  group  Avas  neuro- 
logically  normal.  The  second  had  brain  stem  lesions  which  were  made  by  Drs. 
Teng,  Shanzer  and  Bender  and  described  in  their  studies  (5,  6)  on  oculomotor 
deficits  caused  by  lesions  in  the  brain  stem. 

MATERIALS  AXI)  METHODS 

The  effect  of  a  single  do.se  of  chlorpromazine  (5  mgm./kgm.,  was  studied 

in  seventeen  neurologically  normal,  yoiuig  Macacra  mulatta  monkeys  before  and 
after  placement  of  an  electrolytic  lesion  in  the  brain  stem.  Seven  additional 
monkeys  were  studied  only  after  a  brain  stem  lesion  was  made.  In  both  groups, 
chlorpromazine  was  administered  in  each  case  at  least  two  days  post-operatively. 
In  addition  the  effects  of  larger  do.ses  of  chlorpromazine  (10-15  mgm./kgm., 
intramuscularly  repeated  twice  a  day  for  two  to  three  days)  were  studied  in 
three  monkeys.  Two  of  the  latter  group  were  normal  and  unoperated,  while  the 
third  had  a  brain  stem  lesion.  To  compare  the  effects  of  chlorpromazine  and 
barbiturates,  five  of  the  monkeys  with  lesions  were  also  examined  following 
administration  of  amobarbital  (20-30  mgm.  kgm.,  intravenously). 

The  electrolytic  lesions  were  made  with  the  aid  of  a  stereotaxic  instrument. 
Most  of  the  lesions  were  in  the  paramedian  zone  between  the  pretectal  area  and 

From  the  Department  of  Neurology,  Mount  Sinai  Hospital,  New  York,  X.  V. 
*  The  preparation  used  was  Thorazine®. 

t  This  inve.'itigation  was  supported  in  part  by  Research  grant  No.  R-2()4  from  the  Na- 
tional Institute  of  Neurological  Diseases  and  Blindness,  Public  Health  Service. 
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the  level  of  the  sixth  nerve  nucleus.  A  few  lesions  were  made  6-9  mm.  from  the 
midline.  The  location  and  size  of  these  lesions  have  been  histologically  verified 
to  date  in  nine  animals.  These  lesions  were  in  the  medial  parts  of  the  reticular 
formation  of  the  brain  stem.  The  details  of  the  technique  employed  for  making 
the  lesions,  their  post-operative  effects  on  eye  movements  and  the  anatomical 
studies  of  these  lesions  have  been  described  (5,  6). 

The  monkeys  were  evaluated  neurologically  before  and  after  operation  and 
before  and  after  administration  of  the  drugs.  General  behavior,  hopping  and 
placing  reactions,  motor  power,  tonus,  coordination,  deep  tendon  reflexes  and 
eye  movements  were  examined.  The  latter  were  evaluated  by  observing  spon- 
taneous activity,  ability  to  follow  a  target,  and  the  nystagmus  produced  by 
rotary  and  caloric  vestibular  stimulation.  The  nystagmus  was  also  studied  by 
recording  the  corneoretinal  potential  with  the  aid  of  an  electroencephalograph. 

The  EEG  was  repeatedly  recorded  before  and  after  administration  of  chlor- 
promazine  in  the  three  monkeys  given  the  larger,  multiple  do.ses  described  above. 
Eight  intradermal  leads  were  placed  symmetrically  over  the  occipital,  parietal, 
temporal,  and  frontal  regions.  Recordings  were  made  between  each  electrode 
and  a  vertex  electrode  in  a  manner  standard  for  this  laborator^^  During  the 
recording  the  animal  was  relaxed  in  a  restraining  chair. 

RESULTS 

The  results  may  be  best  described  under  five  headings:  (a)  generalized  effects 
on  behavior;  (b)  effects  upon  animals  with  electrolytic  brain  stem  lesions;  (c) 
effect  of  prolonged  administration  of  larger  doses  of  chlorpromazine;  (d)  changes 
in  the  EEG;  and  (e)  comparison  between  effects  of  chlorpromazine  and  amo- 
barbital. 

Effects  on  behavior 

All  monkeys  pre-  and  post-operatively  were  normally  aggressiv'e  and  fre- 
quently attacked  when  the  ob.server  approached  the  cage.  They  could  not  be 
handled  without  gloves  or  restraints.  After  the  injection  of  a  single  dose  of  chlor- 
promazine (5  mgm./kgm.,  intramuscularly)  changes  in  behavior  were  observed 
in  all  twenty  four  monkeys  studied.  The  effect  appeared  within  one-half  hour 
and  lasted  six  to  eight  hours.  At  the  height  of  intoxication,  the  previously  acti\'e 
and  alert  animals  appeared  somnolent,  did  not  attack  when  approached,  and 
could  be  caught  and  handled  without  resistance.  They  did  not  attempt  to  escape 
when  unresti'ained  outside  their  cages.  Each  exhibited  a  marked  decrease  in 
spontaneous  motor  activity  and  in  responsiveness  to  all  external  stimuli.  They 
often  remained  in  one  position  for  prolonged  periods  and  could  be  put  into 
strange  postures  which  were  maintained.  This  was  reminiscent  of  the  waxy 
flexibility  of  catatonia. 

Effects  of  Chlorpromazine  on  animals  with  brain  stem  lesions 

These  results  are  discussed  in  relation  to  three  groups  as  follows: 

A.  This  group  contained  three  monkeys  with  permanent  post-operative 
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neurologjic  dotVcts.  In  two,  tho  oyes  wore  fixed  ii>  right  conjutfatc  deviation.  All 
attempts,  including  caloric  and  rotary  vestibular  stimulation,  to  make  the  eyes 
move  towards  the  left  or  to  cross  to  the  left  of  the  midline  failed.  After  injection 
of  chlorpromazine,  howe\er,  the  right  eye  could  he  dri\en  to  the  left  of  the 
midline  by  both  rotary  and  caloric  stimulation,  while  the  left  eye  moved  oidy  to 
the  midline  (figure  1).  (The  last  ob.servation  indicated  the  existence  of  a  left  .sixth 
nerve  palsy  in  addition  to  the  defect  in  left  conjugate  gaze  with  which  we  were 
concerned.)  The  third  monkey  of  this  group  developed  a  post -operative  paresis 
of  upward  gaze  and  bilateral  upper-lid  retraction.  Chlorpromazine  completely 
abolished  the  lid  retraction  for  as  long  as  the  drug  was  efTective.  The  paresis  of 
upward  gaze  was  unafTected. 

B.  This  group  consisted  of  four  monkeys  which  had  transient  post-operative 
neurologic  deficits.  The  first  monkey  developed  a  paresis  of  left  lateral  gaze 
which  la.sted  for  six  days.  After  this  defect  subsided,  administration  of  chlor- 
promazine was  followed  by  reappearance  of  the  gaze  paresis  which  now  persisted 
only  as  long  as  the  drug  was  effective.  The  second  monkey,  immediately  after 
the  brain  stem  lesion  was  made,  presented  a  partial  left  third  nerve  palsy,  mani- 
fested by  ptosis  and  pupillary  dilation.  After  8  days,  the  ptosis  di.sappeared 
almost  completely  but  the  pupillary  dilation  remained.  Chlorpromazine  gi\'en 
at  this  time  was  followed  by  a  complete  reappearance  of  pto.sis  (figure  2).  Post- 
operatively, the  third  animal  de\-cloped  a  persistent,  moderate  weakness  of  the 
right  lower  extremity  with  increased  deep  tendon  reflexes.  A  motor  deficit  could 
not  be  detected  in  the  right  upper  extremity.  After  injection  of  chlorpromazine 
and  only  during  the  period  of  its  effectivene.ss,  a  marked  flaccid  paralysis  of  the 
right  upper  extremity  appeared.  Concomitantly,  the  weakness  of  the  right  lower 
extremity  increased.  The  fourth  monkey  in  this  group  developed,  post-opera- 
tively,  ataxia  and  intention  tremor  of  the  left  extremities;  the  upper  was  more 
affected  than  the  lower.  After  the  operation  there  was  a  gradual,  steady  impro\-e- 


Fk;.  1.  The  etTects  ol'  t-liloi jh (jinaziiip  on  the  o>c  movements  of  ;i  monkey  with  ]i('rnianen( 
paresis  of  gaze  due  to  a  lesion  at  tlie  level  of  the  sixth  nerve  nucleus. 

A.  The  postoperative  permanent  ])osition  of  the  eyes  in  right  conjugate  deviation. 

B.  The  maximum  effect  of  cold  caloric  stimulation  of  the  left  ear.  Note  that  the  ej'es 
are  still  in  right  conjugate  deviation  although  the  right  eye  is  closer  to  the  midline. 

C.  Spontaneous  position  of  the  eyes  one  half  hour  after  the  administration  of  chlor- 
promazine (.5  mgm./kgm.,  Xote  that  the  right  eye  is  closer  to  the  midline  than 
in  A. 

13.  The  maximum  effect  of  cold  caloric  .stimulation  of  the  left  ear  one-half  hour  after 
chlorpromazine  admini.stered  as  in  C.  The  right  eye  is  adducted  to  the  left  considerably 
beyond  the  midline.  The  left  eye  which  ha.s  a  sixth  nerve  palsy  is  at  the  midline. 
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Fig.  2.  The  effect  of  chlorpromazine  in  reprecipitating  a  transient  neurological  defect 
which  persisted  for  8  days  following  a  lesion  in  the  paramedian  zone  of  the  brain  stem. 
The  defect  was  a  partial  left  3rd.  nerve  palsy,  manifested  by  ptosis  and  pupillary  dilation. 

A.  The  usual  appearance  of  the  eyelids  after  the  neurologic  defect  has  disappeared. 
Xote  that  although  the  ptosis  is  not  evident,  the  left  pupil  remains  enlarged. 

B.  A  partial  ptosis  has  appeared  15  minutes  following  the  administration  of  chlorpro- 
mazine (o  mgm./kgm.,  I.M.). 

C.  The  ptosis  is  more  marked  one  half  hour  following  the  chlorpromazine  administration- 

ment.  During  this  stage  chlorpromazine  transiently  aggravated  these  defects 
which  became  more  marked  than  even  immediately  after  the  operation;  the 
animal  could  not  use  the  left  upper  extremit}',  and  the  ataxia  and  intention 
tremor  became  grossly  appareitt  in  the  left  lower  extremity. 

C.  This  group  contained  seventeen  animals  in  which  brainstem  lesions  did  not 
produce  neurologic  deficits.  The  only  effect  of  chlorpromazine  was  that  described 
above  as  behavioral. 

Effects  of  repeated  administration  of  larger  doses  of  chlorpromazine 

When  administered  in  larger  doses  (10-15  mgm./kgm.,  twice  a  day)  over  a 
period  of  several  days,  chlorpromazine  produced  a  picture  characterized  by  fine 
tremor  and  rigidity.  Two  of  the  three  monkeys  studied  were  normal  unoperated 
animals.  The  third  was  the  monkey  which  had  the  ataxia  and  tremor  already 
described  (see  B  above).  After  the  second  day  on  such  a  regimen,  all  three  ani- 
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nulls  (le\ol()|K'cl  marked  rijiidity  nianilVstcd  by  slowness  of  spontanoons  move- 
ments antl  increased  resistance  to  passive  stretch.  There  was  also  a  fine  restinj;; 
tremor  characterized  hv  small  amplitude,  six  to  ei<>;ht  per  scu'ond,  and  to  and  fro 
movements  most  marked  in  the  digits  of  all  fonr  extremities.  The  animals  re- 
mained in  this  condition  for  two  to  three  days  after  the  administration  of  tlie 
drug  stopped.  Recovery  was  gradual  and  complete.  While  these  effects  were 
present  the  animals  were  far  more  alert  than  following  the  single  .smaller  dose  as 
described  aliove. 

Changes  in  EKG 

The  EECl  was  recorded  before  and  after  the  administration  of  chlorpormazine 
to  the  three  monkeys  just  described  (see  abo\'e).  During  the  stage  of  intoxication, 
the  following  changes  in  the  KEG  were  noted.  There  was  a  reduction  in  all  leads 
in  the  percentage  of  low  xoltage,  8-12  per  second  activity  characteristic  of  the 
normal  monkey  record.  In  two  monkeys  bursts  of  high  voltage  slow  activity 
dominated  the  record  especially  in  the  frontal  leads.  In  the  third  animal  (the 
monkey,  described  in  B,  which  manifested  ataxia  and  intention  tremor  following 
a  brain  stem  lesion)  bursts  of  spike  and  wave  activity  were  a  prominent  feature. 
These  l^KCi  changes  became  increasingly  evident  as  the  .symptoms  of  intoxication 
became  more  marked  and  decrea.sed  concomitantly  with  the  progressive  return 
to  the  normal  state.  Figure  3  illustrates  the  development  of  the  slow  activity 
and  the  spike  and  wa\-e  pattern  in  the  third  monkey.  Although  the  tremor  was 
as  marked  in  the  other  two  monkevs,  no  e\'idence  of  spike  and  wave  was  ever 
noticed  in  their  I^EGs. 

Comparison  between  the  effects  of  chlorpromazine  and  barbiturates 

In  five  of  the  monkeys  which  had  either  transient  or  permanent  defects  follow- 
ing lesions  of  the  brain  stem,  amobarbital  (20-30  mgm.  kgm.,  intravenously) 
produced  marked  drowsiness  and  changed  the  neurologic  signs  just  as  did  chlor- 
promazine. Amobarbital,  like  chlorpromazine,  did  not  produce  signs  in  those 
animals  which  were  not  affected  by  operation  (Group  C).  However,  here  the 
similarity  ended.  In  the  doses  used,  amobarbital  produced  drowsiness  or  sleep 
without  the  behavioral  changes  induced  by  chlorpromazine.  To  compare  the 
effects  of  prolonged  administration  of  barl)iturate  to  similar  administration  of 
chlorpromazine,  amobarbital  (20  mgm. /kgm,  intramuscularly)  was  given  every 
3  hours  foi'  12  hoiu's  on  each  of  3  consecutive  days.  This  regimen  was  used  on  two 
normal,  unoperated  animals.  Slight  drow.siness  was  the  only  observed  effect. 

Discrssiox 

The  site  and  mode  of  action  of  chlorpromazine  has  been  the  subject  of  many 
recent  investigations.  These  studies  indicate  that  this  drug  acts  as  a  central 
nervous  system  depressant.  Whether  the  effects  of  chlorpromazine  can  be  attrib- 
uted to  its  depressant  action  at  one  or  a  few  discrete  sites  in  the  central  nervous 
system  or  to  a  more  general  action  on  this  entire  structure  is  a  moot  point. 
There  is  evidence  to  support  both  concepts. 
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That  the  drug  may  atTect  many  portions  of  tlio  nervous  system  has  l)een 
sliow  11  by  various  studies.  The  following  are  noted  as  examples.  C'hlorpromazine's 
suppre.ssion  of  vomiting  has  been  interpreted  as  evidence  of  a  selective  activity 
on  the  medulla  (7).  C'hlorpromazine  diminishes  the  VA-IG  arou.sal  response  to 
electric  stimulation  of  the  brain  stem  reticular  formation  (8).  This  drug  affects 
the  hypothalamic-pituitarv  system  and  may  thereby  mediate  its  known  endo- 
crine action  (9).  It  also  decreases  the  motor  effects  of  electrical  stinuilation  of  the 
feline  cerebrum  (10),  and  has  a  specific  cortical  effect  in  species  from  the  frog  to 
monkey  (11). 

That  the  drug  mediates  its  effects  primarily  by  its  action  on  specific  structures 
of  the  nerv'Ous  system  has  been  suggested  by  \  arious  studies.  For  example,  there 
are  studies  which  have  singled  out  the  amygdala  (12),  the  brain  stem  reticular 
formation  (10,  13)  and  ba.sal  ganglia  (14  lb)  as  "the  site"  of  chlorpromazine's 
action. 

The  reprecipitation  of  neurologic  signs  and  the  appearance  of  latent  defects  as 
described  in  the  present  study  may  be  interpreted  as  concomitants  of  the  de- 
pressant action  of  chlorpromazine  which  may,  we  believe,  affect  any  site  in  the 
central  nervous  system.  Its  similarity  in  action  in  this  regard  to  the  barbiturates 
helps  to  strengthen  this  interpretation.  The  neurologic  changes  may  be  produced 
by  these  drugs  in  the  following  manner.  If  it  is  postulated  that  the  recovered 
but  partially  damaged  neural  mechanisms  function  with  a  lower  margin  of 
safety  than  intact  mechanisms,  then  the  former  might  be  more  readily  and  ob- 
viously affected  by  this  depressant  action.  The  general  depressant  action  of 
chlorpromazine  may  also  account  for  our  observations  on  animals  with  perma- 
nent nein'ologic  deficits,  if  it  is  postulated  that  the  damaged  part  was  still  capable 
of  functioning  and  that  the  observed  beha\ior,  therefore,  was  the  resultant  of 
reciprocal  activity  of  both  intact  and  damaged  parts.  The  degree  of  these  deficits 
suggests  structural  damage  of  the  appropriate  neural  mechanism  so  that  it 
could  only  be  affected  minimally  by  chlorpromazine.  The  intact  mechanisms, 
however,  could  be  depressed  in  the  expected  manner  and  functions  related  to 
their  apparent  overaction  might  be  minimized.  The  elimination  of  this  pre- 
sumed overact  ion  may  account  for  some  of  the  symptomatic  improvement  ob- 
served with  chlorpromazine. 

That  .such  an  explanation  involving  reciprocal  activity  of  damaged  neural 
structures  along  with  their  intact  counterparts  is  feasible,  may  be  inferred  from 
a  different  type  of  experiment,  pertaining  to  the  result  of  electrical  stimulation 
of  the  cortex  of  monkeys  with  neiu'ological  deficits.  Figure  4  shows  the  effects  of 
cortical  stimulation  of  a  cervically  transected  alert  monkey.  This  animal  had  a 
permanent  paralysis  of  gaze  to  the  left,  the  result  of  an  electrolytic  brain  .stem 
lesion.  Electrical  stimulation  of  the  right  frontal  cortex  drove  the  eyes  into  their 
paretic  fields,  an  effect  quite  similar  to  that  obtained  in  stimulating  the  frontal 
cortex  of  a  "normal"  monkey.  A  possible  explanation  might  be  the  normal 
inhibition  of  the  intact  pathways  accompanied  by  maximal  excitation  of  the 
impaired  pathways.  The  result  would  be  to  overcome  the  presumed  relative 
overaction  of  the  intact  structures. 
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Fig.  4.  The  effect  of  electrical  stimulation  of  the  frontal  cortex  of  a  monkey  which  had 
a  permanent  paresis  of  gaze  following  a  brain  stem  lesion.  Thi.s  i.s  the  same  monkey  showTi 
in  figure  1.  At  the  time  of  electrical  stimulation  it  was  cervically  transected,  mounted  in 
a  stereotaxic  instrument,  and  responded  to  visual  stimuli.  The  eye  movements  were  in  all 
respects  similar  to  those  prior  to  transection. 

A.  The  position  of  permanent  right  conjugate  gaze,  the  result  of  the  brain  stem  lesion. 

B.  Electrical  stimulation  of  the  right  frontal  cortex  drives  the  eyes  toward  the  left. 
The  right  eye  passed  the  midline  while  the  left  eye,  which  manifested  a  sixth  nerve  pais}-, 
did  not  move  to  the  midline. 

C.  With  stronger  electrical  stimulation  the  right  eye  moves  further  to  the  left  and  some- 
what downward,  while  the  left  eye  moves  to  the  midline. 

It  is  possible  that  eye  movement  into  the  paretic  fields  during  chlorpromazine 
intoxication,  as  well  as  other  actions  of  chlorpromazine  on  damaged  neural 
structures,  be  an  example  of  "sensitization  by  denervation".  That  is,  the  drug 
may  bring  about  overactivity  of  the  abnormally  sensitive  damaged  path^vays 
and  lead  to  an  apparent  restoration  of  noi'mal  function. 

Our  other  observations  indicate  that  chlorpromazine  may  have  a  selective  de- 
depressant  action  superimposed  upon  its  generalized  depressant  effects.  These 
observations  include  i^ehavioral  changes,  the  production  of  sustained  tremor  and 
rigidity,  the  appearance  of  the  spike-wave  activity  in  the  EEG.  The  differences 
bet\veen  the  action  of  this  drug  and  the  barbiturates,  on  behavior  and  EEG 
activity,  further  sugge.st  this.  The  relation.ship,  if  any,  between  the  spike-wave 
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patterns  followino;  chlorproinaziiio  in  ono  animal  and  the  ui)per  brain  stem 
lesion  in  this  animal  may  he  of  significance.  However,  we  do  not  have  enouf^h 
data  to  speculate  on  this  point  at  present.  The  other  EEG  observations  we  have 
made  do  not  re(iuire  conunent  since  they  do  not  add  to  the  existent  knowledge 
(see,  for  example,  Dasgupta  and  Werner  (10),  .Mayi-  and  Leilnier  (17),  Merlis 
(18),  .Mauceri  and  Strauss  (19),  l^radley  and  Ilance  (13)  ). 

SUMMARY 

1.  The  effects  of  chlorpromazine  in  normal  monkeys  and  in  monkeys  with 
electrolytic  brain  stem  lesions  were  studied. 

2.  Chlorpromazine  in  small  doses  caused  decreased  mott)r  acti\ity,  decreased 
responsiveness  to  all  stimuli  and  a  picture  suggesting  catatonia. 

3.  Signs  of  permanent  neurological  defects  following  brain  stem  lesions  were 
rendered  less  apparent  by  chlorpromazine. 

4.  Signs  of  neurological  deficit  which  subsided  following  brain  stem  lesions 
were  transiently  reprecipitated  by  chlorpromazine. 

5.  Chlorpromazine  administered  over  several  days  caused  tremor,  rigidity  and 
El-Xi  changes  which  included  in  one  animal  a  spike  and  wave  pattern. 

().  The  effects  of  chlorpromazine  are  compared  to  those  of  the  barbiturates  and 
to  electrical  stimulation  of  the  cerebrum. 

7.  The  results  indicate  that  chlorpromazine  may  have  a  generalized  action  on 
the  central  nervous  system  upon  which  may  be  superimpo.sed  further  actions 
upon  specific  structures  or  functions  of  this  system. 
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SUCCESSFUL  TREATMENT  WITH  VAXCOMVCIX  OF  SEPTICEMIA 
F()I,L()WINT;  MITRAL  COMMISSUROTOMY  CAUSED  BY  ANTI- 
BIOTIC RESISTANT  STRAIN  OF  STAi'IIYLOCOCCUS  AUREUS 
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AND 

MORTON  S.  BRYER,  M.D. 
New  York,  N.  Y. 

Despite  the  advent  of  antibioties  and  other  cheniotherapeutic  af^ents,  mor- 
tality from  Staphylococcu.s  aureu.s  .^eptieemia  remains  di.sappointingly  high.  As 
may  be  noted  in  Table  I,  an  initial  dip  did  take  place  immediately  following  the 
introduction  of  penicillin  into  clinical  practic(>,  but  the  present  mortality  closely 
parallels  that  existing  in  the  preantibiotic  era. 

Although  many  factors  including  innate  host  inununity  and  (H)ncomitant  or 
underlying  di.sease  e.g.  malignancy,  etc.,  undoubtedly  exert  a  considerable  influ- 
ence in  each  case,  development  of  resistance  by  .staphylococci  to  once  effective 
antimicrobial  agents  has  undoubtedly  played  an  important  role  in  this  situation. 

Yancomycin*,  a  new  antibiotic  isolated  from  strains  of  Streptomyces  orientalis 
obtained  from  an  Indonesian  soil  sample,  is  reported  to  pos.sess  a  number  of 
highly  favorable  properties  (4,  5,  (i).  Among  these  are  its  low  toxicity,  its  bac- 
tericidal activity  in  low  concentrations  against  gram-positive  microorganisms  in- 
cluding many  strains  of  staphylococci  resistant  to  currently  existing  antibiotic 
agents,  as  well  as  minimal  development  of  experimentally  induced  resistance 
after  repeated  subculture  in  graded  concentrations  of  the  drug.  It  readily  protects 
laboratory  animals  against  experimental  infection  with  staphylococci,  strepto- 
cocci and  pneumococci. 

The  etiological  organism  responsible  for  the  case  reported  upon  was  found  to 
be  resistant  to  penicillin,  streptomycin  and  erythromycin,  but  was  sensitive  to 
vancomycin.  Because  of  its  effectiveness  in  vitro  (7),  bactericidal  action  and 
minimal  toxicity,  it  was  decided  to  employ  vancomycin  in  this  case  when  the 
administration  of  other  antimicrobial  agents  was  found  to  be  ineffective  clinicall.y. 
The  successful  clinical  result  achieved  by  its  use  is  the  subject  of  this  report. 

CASE  HE PORT 

This  is  the  third  admission  to  The  Mount  Sinai  Ilos])itul  of  a  20  year  old  white 
female  telephone  operator,  who  entered  for  surgical  correction  of  mitral  stenosis. 

The  patient  was  known  to  have  had  rhevuiiatic  fever  at  the  age  of  10  years, 
which  was  followed  by  chorea,  lasting  2^  years.  Following  this,  a  heart  murmur 

From  the  Departments  of  Microbiology,  Surgery  and  Medicine,  The  Mount  Sinai  Hos- 
pital, New  York,  N.  Y. 

*  We  are  greatly  indebted  to  Dr.  H.  8.  (IrifTith  of  the  Lill>-  Laboratory  for  Clinical 
Research,  Eli  Lilly  <fc  Co.,  for  the  generous  supply  of  \'anconiycin. 
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TABLE  I 


Staphylococcus  Bacteremia  Mortality 


Hospital 


Period 


Mortality 


University  of  Minnesota  Hos- 
pitals (1) 


Before  1942 
1945 


1951-  1953 

1952-  1955 


% 
75 
28 
54 


80.48 


Boston  City  Hospital  (2) 


1953 


45.4 


New  York  Hospital  (3)* 


1940-1942 
1943-1948 
1949-1955 


69 
59 
70 


*  Adults  only. 

"was  detected,  and  the  heart  was  noted  to  be  enlarged.  She  was  asymptomatic, 
however,  until  five  or  six  years  before  admission  at  which  time  she  began  to  ex- 
perience shortness  of  breath  on  exercise  and  occasional  abdominal  swelling  with 
no  evidence  of  peripheral  edema.  She  was  treated  by  her  family  physician  with 
occasional  injections  of  mercurial  diuretics  with  relief  of  the  abdominal  swelling. 
This  therapy  had  been  continued  until  three  months  before  admission,  when  it 
was  noted  that  she  had  a  slow  but  progressive  increase  in  exertional  dyspnea.  The 
patient  never  experienced  angina,  paroxysmal  nocturnal  dyspnea,  or  peripheral 
edema.  However,  she  did  have  two  pillow  orthopnea  for  the  past  four  years. 
There  was  no  history  of  hemoptysis  or  cyanosis.  She  had  never  been  treated  with 
prophylactic  antibiotics. 

She  was  admitted  to  The  Mount  Sinai  Hospital  in  November  of  1957  for 
cardiac  catheterization.  The  data  thus  obtained  together  with  the  physical  find- 
ings and  roentgenographic  evidence  were  all  compatible  with  mitral  stenosis,  and 
surgery  was  advised.  She  was  admitted  to  the  hospital  for  this  purpose  on  Janu- 
ary 14,  1958.  Blood  pressure  at  the  time  of  admission  was  110/70,  pulse  76  per 
minute  and  regular,  respirations  18  per  minute  and  temperature  99.8°  F.  Exami- 
nation of  the  heart  revealed  it  to  be  of  normal  size  to  percussion.  The  point  of 
maximum  impulse  was  just  to  the  left  of  the  mid-clavicular  line  in  the  fifth 
intercostal  space.  P2  was  increased  and  Mi  was  loud  and  sharp.  A  reduplication 
of  the  second  sound  was  noted  at  the  lower  left  parasternal  area.  There  was  a 
grade  HI  late  diastolic  apical  murmur  with  a  presystolic  accentuation.  The 
remainder  of  the  physical  exammation  was  within  normal  limits. 

Admission  laboratory  data  was  hemoglobin  12.4  grams  per  100  ccs  of  blood; 
white  blood  count  9,500  per  cubic  millimeter;  differential:  segmented  forms  56 
per  cent,  band  forms  6  per  cent,  lymphocytes  33  per  cent,  basophiles  2  per  cent, 
monocytes  2  per  cent;  erythrocyte  sedimentation  rate  10  millimeters  per  hour. 
Urinalysis  was  essentially  normal.  Blood  urea  nitrogen,  carbon  dioxide  com- 
bining power,  chlorides,  sodium,  cholesterol,  albvmiin,  globulin  and  total  proteins 
were  likewise  within  normal  limits. 
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The  patient  was  treated  with  BiciUin,  o()(),()00  units  daily,  orally,  starting  one 
week  prior  to  sui-gery.  On  January  24,  IDoS,  the  patient  was  taken  to  the  oper- 
ating room  where  under  general  endotracheal  anesthesia  a  mitral  connnissurot- 
oniy  was  performed  by  Dr.  Ivan  D.  Baronofsky.  She  toleratetl  tlie  prcjcedure 
excellently.  Her  entire  clinical  course  in  the  hospital  during  this  admi.s.sion  is 
outlined  hi  Fig.  1. 

Post -opera  tively,  she  was  given  tetracycline,  400  mg.  and  streptomycin,  1  gm. 
intramuscularly  daily.  On  the  day  following  surgery  the  temperature  was  noted 
to  rise  to  101.5°  F.  and  it  continued  to  rise  the  following  day  to  102.8°.  At  this 
time,  erythromycin,  1  gm.  daily  was  added  to  the  regimen.  A  chest  x-ray  taken 
at  this  time  revealed  an  infiltrate  in  the  right  middle  lobe.  The  white  blood  count 
was  25,000  per  cubic  millimeter,  with  71  per  cent  polymorphonuclear  leukocytes 
and  33  per  cent  band  forms.  Chloramphenicol,  2  gms.  daily,  intramuscularly  was 
added  and  despite  these  four  antil)iotics  (tetracycline,  streptomycin,  erythro- 
mycin and  chloramphenicol),  the  patient  continued  to  have  a  low  grade  spiking 
temperature. 

On  the  ninth  post -operative  day,  the  patient's  temperature  rose  to  103°  F. 
Bronchoscopy  was  performed  and  was  negative.  For  the  next  four  days  her  tem- 
perature rose  to  104°  F.  daily.  During  these  four  days,  the  drain  site  of  the  with- 
drawn thoracotomy  tubes  was  cultured  and  daily  blood  cultures  were  made.  All 
cultures  were  positive  for  hemolytic,  mannitol  fermenting,  coagulase  positive 
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Fig.  1.  Clinical  course  of  26  year  old  white,  female  patient  with  mitral  stenosis  on  whom 
mitral  commissurotomy  was  performed  and  who  developed  Staphy  lococcus  aureus  septi- 
cemia. 
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Staphylococcus  aureus.  Sensitivity  determinations  showed  that  the  etiological 
organism  was  sensitive  to  vancomycin  and  ristocetin  but  resistant  in  vitro  to 
5  units  of  penicillin,  10  meg.  of  streptomycin  and  5  meg.  of  erythromycin  per 
ml.  The  blood  cultures  remained  I'epeatedly  positive  despite  the  administration 
of  10  milhon  units  of  penicillin  intravenously  and  1  gm.  of  erythromycin  orally 
per  day  to  the  patient  during  this  period. 

On  the  13th  post -operative  day,  the  patient's  temperature  rose  to  105°  F.  and 
her  general  condition  was  one  of  marked  toxicity,  the  systolic  blood  pres.sure 
falling  to  80  millimeters  of  mercury.  Petechiae  were  present  on  the  right  hand 
and  an  Osier  lesion  was  present  on  the  right  fifth  toe.  Subungual  splinter  hemor- 
rhages wei"e  also  noted.  The  spleen  was  palpable  just  beneath  the  costal  margin. 
In  the  conjunctival  membrane  of  the  left  lower  lid,  a  small  white  centered  pe- 
techia was  observed.  Several  petechiae  were  also  noted  on  the  hard  palate  and 
the  left  buccal  mucosa.  A  clinical  diagnosis  of  bacterial  endocarditis  was  made 
at  this  time.  The  patient  was  started  on  hj'drocortisone,  100  mg.,  intravenouslj- 
daily,  and  the  antibiotic  regimen  consisted  of  4  grams  of  vancomycin  and  10 
million  units  of  penicillin  intravenously  and  1  gram  of  streptomj^cin  intramuscu- 
larly daily.  On  these  antibiotics,  the  temperature  fell  abiiiptly  over  the  cour.se  of 


Fig.  2.  X-raj'  of  chest  taken  on  the  14th  post-operative  day,  one  day  after  the  initiation 
of  vancomycin  therapy,  showing  an  infiltrate  in  the  left  posterior  paracardiac  area. 
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tlie  next  24  hours  and  never  again  rose  al)ove  101°  F.  Tlie  uliitc  blood  count 
dropped  to  19,700  per  eubic  millimeter  with  73  per  eent  polymorphonuclear 
leukocytes  and  14  per  cent  hand  forms  and  remained  between  12,()()()  and  18,()()() 
with  a  slight  shift  to  the  left  for  the  next  five  weeks. 

On  the  14th  post -operative  day,  x-ray  examination  of  the  chest  (Fig.  2)  re- 
vealed an  infiltrate  in  the  left  posterior  paracardiac  area.  On  the  Kith  post- 
operative day,  a  large  oval  shaped  lucencv  surroundetl  by  a  fairly  thin  smooth 
wall  was  noted  in  the  anterior  portion  of  the  left  lung  field,  presumably  within 
the  lingular  (Fig.  '.^).  The  lucencv  was  biloculated  and  contained  two  air-fluid 
levels.  The  appearance  was  believed  to  be  due  to  suppurative  bronchopneumonia. 
By  the  18th  post -operative  day,  five  days  after  the  onset  of  vancomycin  therapy, 
the  lucencies  were  no  longer  identifiable.  Howe\-er,  the  infiltration  of  the  lung 
field  was  still  present. 

Intravenous  steroids  were  progressively  decreased.  The  penicillin,  strepto- 
mycin and  \-ancomycin  were  continued  until  the  21st  post-operative  day  at 
which  time  the  dose  of  \ancomycin  was  decreased  to  2  gm.  intra\en()usly  daily 
and  the  other  antibiotics  were  discontinued. 


Fig.  3.  X-ray  of  c-hpsi  t  :i1<(mi  oh  t  hi'  Kit  h  po-t  opcrat  ivc  (la\-  icvcaliiif:  a  large  oval-shaped 
lucencv  contaiiiiiig  two  aii-  fluid  levels  and  surrounded  by  a  fairly  thin,  .smooth  wall  in 
the  anterior  ijortioii  of  the  left  lung  field  i)resunial)l.\-  within  the  lingular.  This  wa.s  in- 
terpreted a.s  being  due  to  suppurative  bronchopneumonia. 
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Although  the  patient  had  persistently  positive  blood  cultures  while  receiving 
large  doses  of  penicillin  and  streptomycin,  all  subsequent  blood  cultures  taken 
after  the  3rd  day  of  introduction  of  vancomycin  therapy  revealed  no  growth. 
Physical  findings  of  endocarditis  and/or  endophlebitis  progressively  decreased 
during  the  course  of  the  first  week  of  vancomychi  treatment,  and  thereafter, 
with  the  exception  of  a  transient  uveitis  and  thrombophlebitis  no  abnormal 
physical  signs  were  observable.  The  infiltration  seen  by  x-ray  cleared  progres- 
sively over  the  next  five  week  period  (Fig.  4)  and  \'ancomycin  was  discontinued 
on  the  54th  post-operative  day. 

It  is  noteworthy  that  during  the  course  of  therapy,  the  patient  de\'eloped  a 
progressive  normochromic,  normocytic  anemia.  The  hemoglobin  falling  from 
12.0  gms.  on  the  12th  post-operative  day  to  7.7  gms.  on  the  33rd  post-operative 
day.  During  this  period  of  anemia,  mean  corpuscular  volume  was  found  to  be 
89  cubic  micrograms,  mean  corpuscular  hemoglobin  28.5  micromicrograms,  mean 
corpuscular  hemoglobin  concentration  32.5  per  cent,  and  the  blood  bilii-ubin  was 
normal.  Sternal  marrow  showed  moderate  eosinophilia  and  was  otherwise  within 
normal  limits.  There  was  no  evidence  of  pancytopenia  present  throughout  the 


Fig.  4.  X-ray  of  chest  taken  5  weeks  later  showing  complete  clearing  of  previous  pul- 
monary infiltration. 
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course  of  vancomycin  treatment,  and  it  may  well  he  that  the  re!ati\-e  anemia 
that  occurred  was  due  to  "toxic  metaholic"  reaction  rather  than  any  specific 
hematopoetic  depression  hv  vancomycin. 

The  patient  had  an  uncomplicated  convalescence  since  the  (irst  week  alter  the 
onset  of  \ancomycin  therapy.  Sh(>  has  remained  afebrile  and  asymptomatic  for 
two  montlis  followinfj;  di.schar<ie  and  at  the  time  of  the  pres(>nt  writinj!;  patient 
has  returned  to  her  normal  occupation  as  a  telephone  operator. 

SUMMARY 

A  case  of  Staphylococcus  aureus  sepsis  followinf^  a  \al\ulotoiny  for  the  cor- 
rection of  mitral  stenosis  developed  bacterial  endocarditis,  suppurati\(>  pneu- 
monia and  vascular  collapse.  The  etiological  organism  was  resistant  to  jM'nicillin, 
streptomycin  and  erythromycin  but  the  patient  was  succe.ssfullj'  treated  with 
vancomycin. 
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Chairman  King: 

The  subject  of  tonight's  discussion  is  "The  Xatiire  and  Management  of  Re- 
versible Renal  Failure." 

Xothing  is  more  discouraging  to  the  clinician  than  the  recognition  by  him  of  the 
signs  of  impending  and  then  actual  functional  failure  of  the  hopelesslj^  diseased 
kidney.  The  management  of  uremia  in  these  circumstances  develops  into  a 
frustrating  attempt  at  symptomatic  relief. 

Contrariwise  there  are  few  acts  in  medicine  which  are  more  rewarding  than 
the  recognition  of  the  reversibility  of  a  state  of  renal  failure,  the  realization  of 
its  cause  and  dynamics  and  the  institution  of  appropriate  therapy. 

The  clinician  who  faces  the  problem  of  impending  or  actual  renal  failure  must 
quickl3'  survej'  the  possibilities  having  potential  reversibility.  These  include, 
as  you  know,  obstructive  uropathy,  acute  pyelonephritis,  circulatory  insufficiency 
associated  with  fluid  and  electroh'te  loss  or  heart  failure,  kidney  poisoning  and 
intravascular  hemolysis. 

The  exigencies  of  time  pre\'ent  a  consideration  of  all  these  entities.  Particularly 
do  we  regret  the  inability  to  include  obstructive  uropathy,  upon  which  our 
colleagues  in  urologj'  Avould  ha^•e  had  so  much  to  add.  Such  a  discussion  would 
have  included  a  delineation  of  all  forms  of  uretal  obstructions  such  as  calculi, 
neoplasm,  surgical  ligation,  trauma  and  bladder  obstructions  caused  by  prostatic 
hypertrophy.  This  discussion  would  undoubtedly  have  emphasized  the  obvious 
necessity  of  relieving  the  mechanical  interruption  of  urine  flow. 

We  have  chosen  to  discuss  the  reversible  states  associated  with  the  subtler 
derangements  of  electrolyte  patterns  and  one  entity  caused  by  the  abnormal 
elevated  calcium  contents  of  the  blood  leading  to  its  deposition  in  the  renal 
parenchyma.  Finally  the  condition  of  so-called  ''lower  nephron  nephro.sis"  pre- 
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cipitated  l)y  a  imiltitiuk'  of  causes  haviiif^  a  coinmon  donoiniiiator  of  tk'creasod 
renal  blood  flow  will  ho  (Miiphasizcd. 

To  introduce  the  subject,  we  thouglit  it  would  be  appropriate  lo  have  one  of 
the  clinicians  concerned  with  renal  physiology,  who  has  us(>d  some  of  the  perti- 
nent physiological  principles  underlying  renal  failure  in  th(>  management  of  the 
pot(Mitially  reversible  states.  I  will  then'fore  call  on  Dr.  .Marxin  I",  Le\itt  to 
begin  the  program  with  a  di.scussion. 

INTRODUCTIO.V 

The  Function  of  the  Nephron  in  the  Xorwal  and  I'nmic  Subject 
Dr.  Marvin  F.  Levitt: 

During  the  past  three  to  four  years  considerable  insight  has  been  gained 
into  the  nature  of  the  specific  function  of  the  nephron  both  in  the  normal  and 
in  the  lU'cmic  patient.  Recently,  in  our  laboratory  Dr.  Marshall  Le\y  and  I 
have  become  interested  in  the  problem  of  the  concentration  and  dilution  of 
urine.  We  have  found  that  an  understanding  of  the  physiological  principles 
which  are  involved  prove  of  real  value  in  helping  to  manage  the  patient  with 
renal  failure,  l)e  that  reversible  or  irreversible  failure. 

In  tlie  next  few  minutes  I  would  like  to  present  our  present  concept  of  the 
function  of  the  nephron  in  the  normal  and  uremic  subject. 

Approximately  180  liters  of  filtrate  are  formed  per  day  by  the  normal  kid- 
ney. Of  this  quantity  the  vast  bulk  is  reabsorbed  in  the  proximal  tubule.  Some- 
where between  80  and  e\-en  !)0  per  cent  is  reabsorl)ed  before  the  urine  reaches 
the  remainder  of  the  nephron.  It  is  believed  that  the  stimulus  for  this  reab- 
sorption  is  derived  from  the  active  trans-cellular  transport  of  sodium.  Since 
this  tubule  is  freely  permeable  to  water,  as  the  solute  is  actively  transported 
across  the  membrane,  water  passively  diffuses  out  concurrently  to  leave  a 
much  icduced  \olume  of  tubular  fluid  of  essentially  isoosmotic  concentration. 

If  the  water  lags  behind  slightly  by  the  end  of  the  proximal  tubule  the  fluid 
may  be  slightly  hypotonic.  However,  most  of  the  filtered  fluid  has  been  re- 
absorbed by  the  time  it  enters  the  Loop  of  Henle. 

The  role  of  the  Loop  of  Henle  has  recently  been  the  subject  of  considerable 
discussion.  Classically,  it  was  taught  that  the  role  of  the  Lf)op  of  ?Ienle  was 
to  provide  an  opportunity  for  the  excess  water  which  had  not  diffused  back 
in  the  proximal  tul)ule  to  diffuse  into  the  renal  parenchyma  and  achieve  isoos- 
molarity.  Recently,  Berliner  has  hypothesized  that  the  dilution  of  the  urine 
begins  in  the  Loop  of  Henle,  and  that  sodium  is  actively  transported  out  with- 
out the  back  diffusion  of  water.  In  fact,  Wirz  has  argued  that  this  sodium,  in 
hypertonic  concentration  adjacent  to  the  concentrating  apparatus,  provides 
the  .stimulus  for  the  absorption  of  water.  Whatever  the  proper  role  of  the  Loop 
of  Henle,  its  delineation  is  not  crucial  to  our  understanding  of  renal  failure. 

As  the  urine  reaches  the  distal  tul)ule,  it  is  now  in  a  lumen  distinctly  different 
from  the  proximal  tubule,  in  that  it  is  far  less  permeable  to  water.  Con.sequently, 
as  the  active  absorption  of  salt  continues,  water  lags  behind.  This  .segment 
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thus  affords  an  opportunity  for  the  dilution  of  the  urine,  and  accordingly  is 
properly  called  the  diluting  segment. 

Recently  it  has  become  evident  that  an  important  role  of  pitressin  is  to 
render  this  tubule  more  permeable  to  the  back  diffusion  of  water.  In  this  view, 
pitres.sin  acts  to  limit  or  prevent  the  dilution  of  the  urine,  rather  than  actively 
to  concentrate  the  tul)ular  fluid. 

One  factor  which  will  determine  how  much  dilution  can  be  achieved  is  the 
quantitj'^  of  iso-osmotic  fluid  reaching  this  diluting  .segment.  As  that  quantity 
increases,  as  more  fluid  is  left  after  passage  through  the  proximal  tubule,  and 
as  active  salt  extraction  continues  leaving  water  behind,  the  degree  of  dilution 
and  free  water  clearance  increases.  Thus,  how  dilute  the  urine  ^vill  be,  and  how 
much  free  water  is  cleared,  is  not  only  dependent  upon  the  quantity  of  circu- 
lating pitre-ssin,  but  the  amount  of  iso-osmotic  solute  which  e.scapes  reabsorp- 
tion  in  the  proximal  tubule. 

Further,  the  distal  tubule  is  important  for  the  exchange  of  potassium  or 
hydrogen.  It  is  believed  that  virtually  all  the  filtered  potas.sium  is  reab.sorbed 
proximaUy,  and  that  the  potassium  which  appears  in  the  urine  is  the  result 
of  the  secretion  in  the  distal  tubule.  In  order  for  adequate  quantities  of  potas- 
sium to  be  secreted,  there  must  be  a  considerable  quantity  of  sodium  reaching 
that  distal  segment  to  be  exchanged  for  the  potassium.  In  the  normal  kidney, 
where  very  small  quantities  reach  this  segment,  the  secretion  of  potassium  is 
quite  low.  The  .same  conditions  hold  true  for  the  distal  transport  of  hydrogen 
at  which  site  the  urine  is  acidified,  the  hydrogen  is  converted  to  ammonium, 
and  hydrogen  is  combined  with  buffer.  The  distal  transport  of  hydrogen  is 
hkewi.se  dependent  upon  the  availability  of  the  exchanging  sodium.  The  quantity 
of  potassium  and  hydrogen  appearing  in  the  urine  are,  in  part,  determined  by 
the  quantity  of  sodium  which  reaches  this  distal  or  exchanging  segment. 

Finally  this  variably  hypotonic  urine  reaches  the  concentrating  apparatus 
which,  it  is  believed,  is  in  the  collecting  ducts.  Here  water  is  extracted  without 
solute,  a  phenomenon  described  by  Dr.  Homer  Smith  as  the  outward  trans- 
port of  solute-free  water  (TCH2O). 

The  final  concentration  of  the  urine  is  therefore  dependent  upon  the  capacity 
of  this  concentrating  segment  to  extract  solute-free  water.  The  degree  to  which 
the  final  urine  is  concentrated  is  also  conditioned  by  the  volume  of  fluid  reaching 
that  concentrating  apparatus.  As  the  volume  of  fluid  reaching  this  concentrating 
segment  increases,  the  removal  of  a  constant  volume  of  solute  free  water  will 
tend  to  have  a  lessened  effect  on  the  ultimate  concentration.  The  actual  con- 
centration of  the  urine  is  in  part  determined  by  the  concentration  of  the  fluid 
reaching  the  concentrating  segment.  The  ultimate  concentration  of  the  urine 
therefore  depends  upon  the  amount  of  solute  free  water  extracted,  upon  the 
quantity  of  fluid  reaching  that  apparatus  and  upon  the  concentration  or  the 
degree  of  hypotonicity  of  the  fluid  reaching  that  concentrating  apparatus. 

In  the  normal  individual,  where  most  of  the  filtered  load  is  absorbed  proxi- 
maUy, where  the  distal  fluid,  particularly  in  the  presence  of  adequate  quantities 
of  ADH,  is  rendered  only  .slightly  hypotonic,  and  where  a  small  quantity  reaches 
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the  concentrating  segment,  the  extraction  of  relatively  small  (luantities  of 
solute-free  water  produces  a  concentrated  urine  with  a  maxinunn  concentration 
four  times  that  of  plasma. 

Evidence  now  available  suggests  that  the  stimulus  for  the  outwartl  passage 
of  solute-free  water  in  the  concentrating  segment  comes  from  passing  the  distal 
tubular  fluid  past  the  hypertonic  interstitial  fluid  of  the  medulla.  In  this  view, 
too,  the  less  solute  and  the  less  water  reaching  this  site,  and  the  more  concen- 
trated the  distal  tubular  fluid,  the  greater  the  likelihood  for  tubular  fluid  to 
reach  the  maximum  concentration  of  the  medullary  interstices. 

With  this  understanding  of  the  way  the  normal  nephron  functions,  one  can 
accept  the  fact  that  by  simply  redistributing  internally  the  quantity  of  fluid 
acted  upon  by  difterent  segments,  we  can  produce  a  urine  of  considerably  dif'f(u-- 
ent  composition. 

In  figure  1,  there  are  represented  the  characteristic  defects  which  occur  in 
the  nephrons  of  patients  with  renal  failure.  It  is  now  believed  that  in  most 
forms  of  renal  failure,  the  characteristic  defect  is  a  considerable  reduction  in 
the  number  of  functioning  nephrons.  Accumulating  evidence  suggests  that  the 
remaining  nephrons  are  actually  functioning  quite  efficiently  but  that  their 
number  is  markedly  reduced.  The  significant  characteristic  of  the  patient  with 
renal  failure  is  that  as  the  number  of  functioning  nephrons  become  progres- 
sively reduced  and  as  the  quantity  of  filtered  load  progressively  falls,  there  is 
a  disproportionate  reduction  in  the  quantity  which  is  reabsorbed  proximally, 
and  much  larger  ([uantities  remain  behind  to  be  acted  upon  by  the  more  distal 
segments.  Accordingly,  the  distal  tubule  and  concentrating  segment  are  over- 
whelmed with  much  larger  (luantities  of  fluid.  As  renal  failure  progresses,  the 
fraction  of  filtered  solute  or  water  which  appears  in  the  urine  progressively 
rises.  Specifically,  in  the  normal  kidney  less  than  one  per  cent  of  the  filtered 
solute  appears  in  the  urine,  but  as  progressive  renal  failure  develops,  a  much 
higher  fraction  of  this  filtered  load  is  excreted  in  the  urine. 

The  theoretical  explanation  for  this  difl"erence  in  the  function  of  the  nephron 
of  the  patient  with  renal  failure  and  of  the  normal  nephron  is  not  clear.  It  is 
not  simply  that  the  tubules  have  lost  their  functioning  capacity.  In  part  this 
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increased  load  pouiiiig  out  in  the  urine  is  dependent  upon  the  solute  load  im- 
posed by  the  high  concentration  of  urea.  In  part  it  also  appears  to  be  a  mani- 
festation of  the  fact  that  the  few  functionmg  nephrons  in  renal  failure  are  neph- 
rons in  which  the  glomerulus  tends  to  overwhelm  the  attached  nephrons.  There 
appears  to  be  glomerular-tubular  imbalance  in  the  remaining  nephrons  of  the 
uremic  subject.  Much  more  iso-osmotic  fluid  escapes  reabsorption  proximally, 
so  that  the  distal  tubule  is  presented  with  a  much  larger  quantity  of  the  orig- 
inal filtered  load.  Consequently,  since  extraction  of  sodium  continues  to  be 
active  and  since  water  tends  to  lag  behind  in  this  segment,  the  distal  tubular 
fluid  tends  to  be  more  hypotonic.  The  urine  in  the  di.stal  nephron  of  the  uremic 
subject  may  thereby  achieve  a  far  greater  degree  of  dilution  or  hypotonicity. 

Secondly,  in  uremic  patients  the  potassium  and  hydrogen  exchanging  mecha- 
nisms in  the  distal  tubule  are  guaranteed  a  maximum  ciuantity  of  sodium  with 
which  to  exchange.  This  fact  explains  the  remarkable  circumstance  that  the 
quantity  of  potassium  excreted  per  quantity  of  glomerular  filtrate  is  enormous 
in  a  subject  with  renal  failure.  Indeed,  the  first  evidences  of  renal  secretion 
of  potassium  were  obtained  b}'  Wirz  and  later  by  Sirota  in  subjects  with  severe 
renal  failure. 

The  same  holds  true  fur  hydrogen,  which  fact  explains  wh\^  the  urine  always 
tends  to  be  acid  in  renal  failure  unless  there  is  a  specific  tubular  defect  in  trans- 
porting hydrogen.  In  the  uremic  subject,  there  is  apt  to  be  a  flow  of  more  dilute 
urine  leaving  the  distal  tubule  and  the  quantitj^  of  potassium  and  hydrogen 
transported  into  the  fluid  per  liter  of  filtrate  is  increased. 

Finallj%  as  this  urine  reaches  the  concentrating  apparatus,  it  tends  to  be 
overwhelmed  with  a  far  larger  quantity  of  dilute  urine.  As  water  is  extracted 
in  the  concentrating  apparatus,  the  urine  tends  to  rise  towards  iso-osmotic 
concentrations. 

In  figure  2  data  from  the  experiments  of  !Mudge  et  al.  (A.J.P.  158:  218,  1948) 
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arc  proscntiHl  which  doinoustrate  that  as  urino  flow  is  iiuToascd  in  the  normal 
(lojr  by  a  large  solute  load,  the  concentration  of  the  urine  tends  to  fall.  In  other 
wortls,  when  a  large  solute  load  reaches  the  concentrating  segment,  the  reduced 
effect  of  the  continued  extraction  of  solute-free  water  becomes  ajjpai'cnt  and 
the  urine  becomes  iso-osmotic.  This  is  one  of  the  reasons  that  the  uicniic  sul)- 
ject  is  unable  to  elaborate  a  concentrated  urine. 

Let  us  trj'  to  review  the  advantages  which  accrue  from  this  redistribution  of 
reab-sorption  of  solute  and  water  in  the  nephron  of  the  uremic  subject.  Despite 
a  \erv  markedly  reduced  rate  of  filtration,  the  uremic  excretes  a  considerable 
quantity  of  salt  and  water.  Because  of  reduced  reabsorption  in  the  proximal 
tubule,  the  lU'emic  is  able  to  excrete  almost  as  much  salt  as  the  normal  subject. 
Furthermore,  because  he  presents  such  a  large  load  to  the  distal  diluting  seg- 
ment, he  is  able  to  overwhelm  the  concentrating  apparatus  and  excrete  large 
{[uantities  of  water.  The  polyuria  of  the  subject  with  renal  failure  has  been  a 
well-known  fact  for  over  four  huntlred  j^ears,  and  to  a  very  large  extent  this 
polyuria  is  explained  by  the  inteiiuil  redistribution  of  solute  reabsorption. 

The  uremic  patient  secretes  a  maximum  (juantity  of  potassium  in  view  of 
his  marked  reduction  in  filtration  rate.  Clinically  this  is  apparent  in  the  fact 
that  potassium  poisoning  rarely  occurs  as  long  as  there  is  a  fair  mine  output. 
Oul}'  when  urine  output  falls  to  oliguric  levels  does  this  exchanging  mecha- 
nism fail  to  the  point  that  pota.ssium  poisoning  occurs.  The  uremic  individual 
is  able  to  secrete  relativeh^  large  quantities  of  hydrogen  in  the  face  of  this  mark- 
edly reduced  filtration  rate,  again  because  this  exchanging  segment  is  assured 
of  a  massi\'e  load  of  sodium  upon  which  to  operate. 

Finally,  because  of  the  fact  that  a  good  tjuantity  of  dilute  urine  reaches  the 
concentrating  apparatus,  the  uremic  patient  is  sometimes  able  to  dilute  urine 
and  generally  bring  it  towards  iso-osmolarity.  Xow  let  us  consider  the  tremen- 
dous advantages  which  accrue  from  being  able  to  bring  that  urine  to  iso-osmotic 
concentrations.  I  emphasized  a  few  moments  ago  that  the  role  of  pitressin 
was  to  prevent  the  dilution  of  urine,  not  to  elaborate  a  concentrated  urine. 
If  the  uremic  subject  were  forced  to  secrete  a  urine  of  marked  hypotonicity, 
of  specific  gravity  of  1.002,  or  of  40  mos. /liter,  it  would  re(iuire  about  20  liters 
to  excrete  a  thou.sand  milliosmoles  per  day.  By  bringing  the  concentration 
simply  up  to  1.010  he  would  be  able  to  excrete  that  quantity  of  solute  load  in 
about  three  liters.  Thus  by  raising  the  concentration  from  1.002  to  1.010  he 
would  conserve  almost  17  liters  of  water.  If  he  were  able  to  concentrate  the 
urine  further  to  1.028  or  to  900  mos. /liter,  he  would  conserve  another  two 
liters  of  water.  The  uremic  patient  has  gi\-en  up  that  spectrum  of  his  total 
concentrating  ability  which  is  really  least  important,  but  he  has  maintained 
the  capacity  to  excrete  remarkable  quantities  of  sodium,  chloride,  and  water. 
Of  course,  as  with  every  situation  in  which  considerable  ad\'antages  accrue, 
there  are  also  marked  disadvantages  and  the.se  disadvantages  become  appar- 
ent when  the  attending  ph^^sician  tries  to  alter  the  remarkable  balance  which  is 
set  up  by  this  unusual  change  in  solute  reabsorption  in  the  operating  nephron 
of  the  uremic  subject. 

The  osmotic  diuresis  under  which  th(;  uremic  patient  operates  imposes  several 
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limits.  Even  though  he  is  able  occasionally  to  achieve  a  dilute  urine,  his  total 
urine  flow  is  limited  by  the  fact  that  the  filtration  rate  is  markedly  reduced. 
Although  he  can  excrete  three  and  possibly  four  liters  of  urine,  if  his  water 
intake  is  forced  beyond  that  he  begins  to  retain  water  and  produce  hypona- 
tremia. Furthermore,  he  is  unable  to  handle  the  opposite  extreme,  namely 
the  elimination  of  water  from  his  intake.  As  water  is  eliminated  from  his  diet, 
he  continues  to  pour  out  large  quantities  of  fluid  and  rapidly  becomes  dehy- 
drated. These  limits  will  not  permit  him  to  cope  with  extremes  of  high  water 
intake  or  water  deprivation.  Similarly,  although  the  uremic  patient  is  able 
to  excrete  a  remarkable  quantity  of  salt  and  urea  because  of  this  sy.stem,  he 
cannot  excrete  as  much  salt  as  the  normal.  Generally,  if  uremic  patients  are 
given  high  normal  salt  intakes  they  may  tend  to  retain  salt  and  develop  edema. 
On  the  other  hand,  if  salt  is  eliminated  from  the  diet,  such  subjects  are  incap- 
able of  producing  a  sodium-free  urine,  and  so  then  develop  a  negative  salt 
balance  and  the  manifestations  of  .salt  depletion.  This  physiological  balance 
which  is  achieved  in  the  subject  with  renal  failure  permits  a  remarkable  capacity 
to  compensate  for  moderate  conditions,  but  it  does  not  afford  the  capacity  to 
handle  extremes  of  water  or  salt  intake.  I  think  an  understanding  of  this  phy.sio- 
logical  defect  of  the  uremic  subject  will  help  to  a  great  extent  in  managing 
the  polyuria  of  renal  failure. 

Chairman  King: 

Dr.  Levitt  has  emphasized  that  there  is  a  tendenc}^  to  lose  electrolytes  and 
especially  salt  in  the  polyuric  phases  of  renal  failure  in  general,  but  there  exists 
a  group  of  cases  in  whom  there  is  an  inordinate  loss  of  sodium  chloride  in  the 
urine  and  the  usual  causative  lesions  is  pj'elonephritis.  These  patients  are  helped 
by  supplemental  administration  of  sodium  chloride. 

The  first  case  to  be  presented  this  evening  by  Dr.  Arnold  Mo.ses  will  be  a 
case  of  so-called  salt  losing  nephropathy. 

SALT  LOSING  NEPHROPATHY 

Case  Report 

Dr.  Arnold  iXIoses:  ^ 

This  46  year  old  female  was  first  admitted  to  The  Mount  Sinai  Hospital  in  September  of 
1955.  She  had  been  in  good  health  until  four  months  prior  to  admission  when  she  noted  the 
onset  of  progressive  weakness  and  restlessness.  Polydipsia  and  polyuria  without  pyuria  or 
hematuria  developed  two  months  prior  to  admission,  and  a  month  later  she  noted  the  onset 
of  fever  to  101  degrees  F.  Several  weeks  before  admission  nausea  and  vomiting  developed 
and  became  progressive!}'  more  severe.  In  the  several  months  prior  to  admission  the  patient 
lost  30  pounds.  The  patient's  past  medical  history  was  non-contributory. 

Admission  physical  e-xamination  revealed  a  pulse  rate  of  110/min.,  respiratory  rate  of 
20/min.,  temperature  99  degrees  F.,  and  blood  pressure  of  110/60  mm.  Hg.  The  patient  was 
well  developed  and  in  no  acute  distress.  The  physical  examination  was  within  normal 
limits  except  for  equivocal  skin  pigmentation. 

The  initial  laboratory  examinations  revealed  hemoglobin  of  12.9  gm%,  and  a  white 
blood  cell  count  of  20,000/mm',  with  82%  polymorphonuclear  cells.  Analysis  showed  one 
plus  albumin  and  many  white  cells  and  granular  casts  in  the  urine.  The  erj-throcyte  sedi- 
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nionlation  rate  averaged  40  imn./hr.,  and  tlie  blooil  urea  iiitronen  was  S2  infill  %.  Serum 
sodium  was  102  nieq/1..  and  serum  C'()2  8.3  meci/l.  Serum  albumin  and  {jlohulin  values  were 
normal.  The  serum  calcium  \va.s  reported  as  11.7  mgm  %,  serum  phosphorus  (i  mgm  %,  and 
alkaline  phosphatase  was  9.8  K.A.U.  Urine  cultures  grew  aerohacter  aerogcnes,  entero- 
coccus,  proteus  vulgaris,  and  later  acid  fast  bacilli.  Chest  x-rays  revealed  old  fibro  calcific 
densities  in  both  apices  as  well  as  miliary  tlensities  throughout  both  lung  fields.  Partial 
collapse  of  LI  and  paravertebral  calcific  streaks  representing  the  residuum  of  old  acid  fast 
disease  were  seen  on  spine  .\-rays.  The  intravenous  i)>elogram  rev(>Mled  |)oorl>'  defined 
densities  in  the  right  kidney. 

The  patient  was  treated  with  isoniazid,  i)ara  amino  salicy  late,  and  si  roi)tom\  cin  for 
the  acid  fast  disease.  In  addition  she  was  given  antibiotic  1hera])y  including  Chloromyce- 
tin®, Furachmtin"' ,  and  Xeomycin"*  for  what  was  considered  to  be  a  superimi)osed  urinary 
tract  infection.  Additional  therapy  included  several  blood  transfusions,  sodium  chloride, 
sodium  bicarbonate,  and  desoxycorticost crone,  the  latter  in  doses  of  5-10  mgm  per  day. 
The  desoxycorticosterone  was  administered  because  of  the  suspicion  of  adrenal  insuffi- 
ciency. However,  the  plasma  levels  of  17  hydroxycorticosteroids  were  normal.  10  gamma  %, 
and  rose  to  41  gamma  %  2  hours  after  the  intramuscular  administration  of  40  units  of 
ACTH.  I'rine  17  ketosteroids  wore  normal  as  was  the  glucose  insulin  tolerance  test. 

In  the  early  days  of  the  i)atient"s  hosi)italization  a  polyuria  to  the  extent  of  COOO  cc/day 
was  recorded.  This  rei)resented  several  thousand  cc  more  than  her  fluid  intake.  On  a  4 
gram  sodium  chloride  intake  the  24  ho\ir  urine  specimen  contained  as  much  as  250  nieti.  of 
sodium.  The  effect  of  desoxycorticosterone  on  the  urine  sodium  excretion  was  negligible. 
Random  urine  specimens  concentrated  to  no  greater  than  1.016. 

On  the  prescribed  regimen  the  patient  ran  a  fluctuating  low  grade  fever  which  gradually 
subsided  after  several  months.  Her  symptoms,  including  the  polyuria,  concurrently  im- 
proved. The  initial  severe  chemical  abnormalities  improved  in  several  weeks.  However, 
later  in  her  hospital  course  she  again  developed  a  transient  acidosis  when  the  dosage  of  the 
administered  sotlium  bicarbonate  was  decreased.  The  urinary  microscopic  abnoimalities 
gradually  cleared  but  at  the  time  of  discharge  5-8  WBCPHPF  were  still  noted  along  with  a 
urine  albumin  of  one  plus.  At  the  time  of  discharge,  4  months  after  admission,  the  blood 
urea  nitrogen  was  16  mgm  %,  serum  sodium  141  meq/1.,  serum  potassium  4.1  meq/1.,  serum 
chloride  98  meq/1.,  serum  C02  28  meq/1.,  and  serum  calcium  10.6  mgm  %. 

Five  months  following  discharge  the  patient  presented  with  hematuria  and  dysuria. 
At  that  time  her  urine  specific  gravity  was  again  1.016.  This  was  associated  with  a  2  plus 
albumin,  many  red  Ijlood  cells,  few  white  blood  cells,  and  no  casts  on  microscopic  examina- 
tion of  the  urine.  At  the  time  of  this  admission  the  patient's  blood  urea  nitrogen  and  elec- 
trolytes were  normal  despite  the  fact  that  she  had  taken  no  supplementary  sodium  chloride 
or  bicarbonate  following  her  initial  hospital  discharge.  The  right  kidney  did  not  visualize 
on  intravenous  pyelogram  and  the  left  ureter  was  dilated.  Mechanical  dilation  of  a  left 
ureteral  stricture  was  performed.  The  patient's  third  hospital  admission  followed  in  five 
months,  at  which  time  the  blood  urea  nitrogen  and  electrolytes  again  were  normal.  During 
this  last  admission  a  left  cutaneous  ureterostomy  was  performed. 

Chairman  King: 

We  have  asked  Dr.  Gabrilove  to  discuss  this  subject  since  he  is  interested 
in  this  field  of  endocrinology. 

I  will  ask  Dr.  Gabrilove  to  discuss,  "Salt  Losing  Nephropathy." 

Discussion 

Dr.  J.  Lester  Gabrilove: 

This  lad}^  came  in  with  the  symptoms  and  signs  of  dehydration  and  salt 
depletion  of  a  rather  marked  degree  including  anorexia,  nausea  and  vomiting 
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and  a  weight  loss  of  thirty  pounds.  Upon  her  admission  it  was  readily  apparent 
that  she  had  tuberculosis  and  that  she  also  had  pyuria.  Therefore  this  patient 
with  tuberculosis  and  pyuria  was  studied  and  it  was  quickly  demonstrated 
that  her  serum  sodium  was  markedly  decreased  and  that  she  was  wasting  salt. 

Ordinarily  in  patients  who  come  to  the  hospital  and  are  seen  in  a  state  of 
salt  depletion,  one  has  to  consider  the  various  causes  of  salt  depletion  since 
many  of  these  are  correctable  and  the  patient  can  be  restored  to  an  essentially 
normal  clinical  state  for  quite  some  period  of  time  if  not  permanently.  The 
low  serum  sodium  of  course  is  not  sufficient  of  itself  to  permit  one  to  make  a 
diagnosis  of  salt  wastage.  Low  serum  sodiums  are  seen  in  many  instances  where 
salt  wastage  does  not  occur.  It  occurs  particularly  in  tuberculosis  for  reasons 
which  are  not  clear  at  the  present  time.  True  here  is  a  lady  with  tuberculosis 
and  a  low  serum  sodium  but  there  is  more  here  than  can  be  explained  by  the 
supposition  that  this  is  the  idiopathic  low  serum  sodium  that  is  often  seen  in 
tuberculosis. 

Low  serum  sodiums  are  seen  in  the  end  stages  of  heart  failure,  nephrosis 
and  in  cirrhosis  and  at  that  time  presents  a  particularly  poor  prognostic  sign. 
It  is  a  type  of  hyponatremia  which  ordinarily  does  not  respond  to  the  intra- 
venous administration  of  salt  and  indeed  the  patient  is  often  made  worse  by 
this  form  of  treatment.  She  did  not  have  a  hyperlipemia  that  sometimes  is 
associated  with  a  low  serum  sodium  because  of  the  dilution  effect.  There  was 
no  evidence  of  water  intoxication  nor  was  there  a  history  of  the  administration 
of  the  antidiuretic  hormone. 

It  was  therefore  apparent  that  her  low  serum  sodium  reflected  salt  wastage. 
Now  the  possible  causes  of  salt  wastage,  as  you  known,  may  be  several.  We 
know  that  the  kidney  is  particularly  concerned  with  guarding  the  economy  of 
sodium.  Patients  who  vomit  can  lose  sodium.  More  commonly  patients  who 
have  se\'ere  diarrhea  such  as  occurs  in  cholera  or  even  milder  diarrheal  states 
such  as  we  see  in  a  general  hospital  may  become  markedly  depleted  of  sodium. 
Patients  with  cystic  fibrosis  of  the  pancreas  or  patients  working  in  extreme 
heat,  both  of  whom  may  lose  excessive  (juantities  of  sodium  in  the  sweat,  may 
be  salt  depleted.  . 

However,  none  of  these  etiologies  could  be  incriminated.  Consequently, 
we  had  a  patient  with  salt  wastage  who  very  likely  failed  to  conserve  sodium 
as  a  result  of  renal  wastage.  It  was  then  a  matter  of  tracking  down  whether 
that  renal  wastage  was  due  to  the  pyelonephritis,  which  was  apparentl,y  present, 
or  to  some  other  renal  cause. 

Now  what  can  these  renal  causes  be?  Well  we  can  readil}-  rule  out  a  few 
of  the  more  apparent  etiologies  for  failure  of  renal  conservation  of  salt.  We 
know  she  had  not  received  mercurial  diuretics  or  diamox  both  of  which  agents 
can  induce  renal  losses  of  sodium.  We  may  presume  she  did  not  have  acute 
tubular  necrosis  in  spite  of  the  fact  that  she  did  exhibit  some  diuresis,  since 
there  was  no  history  of  the  oliguria  that  one  encounters  in  an  acute  lower  neph- 
ron nephrosis.  This  is  particularly  important  to  bear  in  mind  since  it  is  well 
known  that  following  recovery  from  acute  tubular  necrosis  there  is  a  marked 
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loss  of  ckrtrolytos.  \\'(>  know  she  did  not  have  tho  osmotic  diuresis  that  one 
sees  in  diabetes  melHtus  or  followinf?  loading  with  osmotic  diuretics.  Basically 
the  problem  therefore  resohed  itself  into  one  of  two  etiolojries.  Did  this  pa- 
tient waste  salt  because  the  tuljules  were  incompetent  to  absorb  them  ade- 
quately, as  Dr.  Le\  itt  explained,  or  was  she  wasting  salt  becau.se  she  did  not 
secrete  those  hormones  vitally  concerned  with  the  renal  regulation  of  salt  l)al- 
ance,  namely,  the  salt  I'egulating  hormones  of  the  adrenal  cortex?  The  resolution 
of  this  problem  was  a  matter  of  great  and  pressing  importance  in  order  for 
proper  therapy  to  be  administrated. 

Fortunately,  in  both  of  these  instances,  one  can  control  the  patients  for  a 
while  with  the  administration  of  salt  until  more  definitive  diagno.stic  tests  can 
be  performed.  The  next  step  indicated  was  to  try  to  evaluate  adrenal  cortical 
function.  We  e\aluated  adrenal  cortical  function  not  by  methods  which  or- 
dinarily utilize  renal  function  .such  as  the  w;iter  tolerance  test  or  the  renal 
excretion  of  sodium  becau.se  such  techniques  would  not  differentiate  l)etween 
an  adrenal  factor  and  a  renal  factor.  We  could,  of  course,  try  a  therapeutic  trial 
with  desoxycorticosterone.  If  this  agent  caused  the  renal  con.servation  of  salt  it 
would  establish  an  adi'enal  etiology  of  the  salt  wastage  since  a  diseased  kid- 
ney would  not  respond  to  the  administration  of  this  adrenal  hormone.  How- 
ever, a  more  rapid,  if  more  indirect,  method  of  evaluating  adrenal  function 
was  desirable. 

We  thei"efore  tested  it  in  a  way  hy  which  we  could  exclude  the  kidney,  namely, 
by  the  administration  of  adrenocorticotropin  to  stimulate  the  adrenal  cortex 
and  by  measuring  in  the  blood  a  primarily  nonsalt-regulating  factor  secreted 
by  thQ  adrenals,  namely,  the  17-hydroxycorticoids,  or  glycogenic  corticoids. 
We  found  that  the  adrenal  responded  quite  adequately  following  the  administra- 
tion of  ACTH  and  was  therefore  intact  with  respect  to  its  ability  to  elaborate 
glycogenic  corticoids.  We  therefore  presumed  it  was  also  intact  with  respect 
to  .salt  regulating  hormones  although  no  attempt  was  made  to  estimate  the 
aldosterone  content  of  the  urine.  It  thus  became  apparent  that  this  woman  had 
a  salt  wasting  nephropathy,  not  due  to  Addi.son's  disease,  and  that  she  .should 
be  treated  with  salt  and  bicarbonate  of  soda.  On  this  regimen  she  did  quite 
well. 

In  most  instances  of  salt  wasting  nephropathy  the  underlying  etiology  is 
usuallj'^  pyelonephritis.  Many  years  ago  Dr.  Peters  and  his  group  demon.strated 
that  in  chronic  nephritics  there  often  is  mild  salt  Avastage  but  it  remained  for 
Thorn,  in  about  1944,  to  demonstrate  that  the  salt  wastage  may  become  so 
extreme  at  times  as  to  produce  a  clinical  picture  resembling  that  encountered 
in  adrenal  cortical  insufficiency.  In  fact,  the  patient  whom  he  originally  de- 
scribed was  referred  to  him  because  of  the  suspicion  of  Addison's  disease.  These 
patients  occasionally  are  pigmented  for  reasons  which  are  not  known  and  they 
not  infrequently  have  a  history  of  a  large  oral  intake  of  bicarbonate  of  soda. 
They  usually  are  differentiated  from  patients  with  adrenal  insufficiency  by 
the  fact  that  they  have  a  much  higher  content  of  urea  nitrogen  in  the  blood 
than  we  ordinarily  see  in  adrenal  cortical  insufficiency.  It  was  perhaps  a  little 
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easier  than  usual  to  make  a  diagnosis  of  salt  wasting  nephropathy  in  this  pa- 
tient because  she  exhibited  proteinuria,  a  finding  not  commonly  encountered 
in  this  disorder.  The  blood  urea  nitrogen  was  not  greatly  elevated  in  this  pa- 
tient and  not  of  diagnostic  significance  since  it  was  in  the  range  often  encoun- 
tered in  acute  adrenal  cortical  insufficiency.  Interestingly  enough,  at  post 
mortem,  the  patients  with  salt  wasting  nephropathy  often  have  enlargement 
of  the  adrenals  which  we  believe  probably  represents  a  compensatory  hyper- 
trophy of  the  adrenal  cortex  as  an  attempt  to  overcome  the  wastage  of  salt 
by  the  kidney. 

As  we  reconstruct  this  story,  this  was  a  patient  with  tuberculosis  and  salt 
depletion.  However,  the  salt  depletion  was  not  due  to  adrenal  cortical  insuffi- 
ciency, even  though  disseminated  tuberculosis  can  involve  the  adrenal  and 
cause  adrenal  insufficienc3^  It  was  demonstrated  that  the  salt  depletion  was 
due  to  renal  wastage  and  that  the  salt  wastage  was  due  to  a  pyelonephritic 
nephropathy  partly  tuberculous  and  partly  pj^ogenic  in  origin.  With  treatment 
of  the  nephropathy  by  antibiotics  .specific  for  tuberculosis  and  the  pyogenic 
organisms  involved,  this  patient's  salt  wa.sting  nephropathy  improved  indicating 
that  at  least  in  her  instance  the  process  was  still  reversible.  The  lesson  to  be 
learned  is  that  this  lady  was  tided  over  this  critical  period  becau.se  it  was  rec- 
ognized that  she  had  renal  salt  wa.stage  and  proper  therapy  was  directed  to 
correcting  this. 
Chairman  King: 

The  syndrome  that  we  are  more  readily  recognizing  in  recent  years  is  that 
renal  failure  may  be  associated  with  marked  pota.ssium  loss,  and  the  recogni- 
tion of  the  nephropathy  of  marked  potassium  lo.ss  is  crucial. 

We  are  presenting  such  a  case  to  illustrate  this  chemical  derangement  and  its 
management.  It  will  be  presented  by  Dr.  Gerald  WeLssmann. 

POTASSIUM  DEPLETIOX  XEPHROPATHY 

Case  Report 

Dr.  Gerald  Weissmann: 

This  was  the  second  admis.sion  to  The  Mount  Sinai  Hospital  of  a  57  year  old  white  female 
who  entered  for  investigation  of  recurring  fevers  that  she  had  experienced  in  the  six  months 
prior  to  admission. 

Fourteen  j-ears  before  her  present  admission  she  had  been  told  by  a  physician  after  a 
routine  physical  examination  that  she  had  rheumatic  heart  disease.  Although  she  had 
specifically  denied  all  signs  and  symptoms  of  juvenile  rheumatism,  she  did  admit  to  fre- 
quent sore  throats  and  pustular  tonsilitis.  Five  years  prior  to  admission  she  noticed  an 
irregularitj'  of  her  heart  beat  that  was  treated  by  digitalis,  and  mercurial  diuretics  when 
transient  edema  developed.  This  served  very  well  to  control  her  heart  failure  until  six 
months  prior  to  admission  when  she  was  first  hospitalized  at  The  Mount  Sinai  Hospital. 
.\t  that  time  she  was  in  congestive  heart  failure  that  responded  very  well  to  simple  meas- 
ures, and  in  addition  she  had  mild  bronchitis  that  responded  to  tetracycline  therapy. 

After  a  short  course  in  the  hospital  she  became  afebrile  and  was  discharged.  At  home  she 
had  frequent  fevers  but  did  not  seek  medical  aid  for  these.  These  fevers  would  come  on  in 
the  evening,  and  would  be  accompanied  occasionally  by  chills.  At  night  her  bed  sheets 
wo>ild  be  stained  with  perspiration. 
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FiiKilly.  slic  souglit  ailinissioii  hccauso  of  iiu-rca.sing  sliortiiess  of  l)rcalli  and  Ix'caiisc  of 
her  fever.  On  physical  examination  she  proved  to  lie  a  moderately  well  nourished,  well- 
developed  female  in  sliftht  respiratory  distress.  Her  temperature  was  100°  and  her  res))ira- 
tory  rate  was  28.  Her  hlood  pressure  was  \'M)/H)  and  she  was  not  acutely  ill,  althoiiuli  she 
was  a  hit  uncomfortable  lying  in  bed  at  30  degrees.  There  was  obvious  j)idsation  of  the 
neck  veins  above  the  sternum.  There  was  a  visible  systolic  heave  over  the  iirecordiuni  and 
an  aortic  systolic  murmur  of  grade  3  intensitj'  was  heard  radiating  to  the  neck.  This  was 
associated  with  a  slight  dimunition  in  the  intensity  of  the  second  aortic  sound  and  a  thrill 
radiating  to  the  neck.  In  addition  a  diastolic  murmur  was  heard  at  the  apex.  This  was  a 
grade  2  diastolic  murmur  associated  with  a  very  loud  first  sound  and  a  split  second  mitral 
sound.  There  was  a  positive  hepatojugular  reflux  and  jiedal  edema  was  noted  at  the  time. 

Admission  laboratory  studies  were  as  follows:  the  hemoglobin  was  15  grams  %.  Her 
white  blood  count  was  9,000  with  a  slight  shift  to  the  left.  Her  sedimentation  rate  was  3C 
mm/hr.  Her  urine  showed  a  specific  gravity  of  1.018  and  contained  four  to  ten  white  blood 
cells  per  high  ])ower  field  but  there  was  no  hematuria  nor  albuminuria. 

The  serum  sodium  drawn  at  that  time  was  135  meq/1.  The  potassium  was  5.1  and  Ct)2 
content  32  meq/1.  The  blood  urea  nitrogen  was  13  and  blood  sugar  91  mg  %.  Albumin 
equalled  4.3  grams  %  and  globulines  3.3  grams  %. 

She  was  admitted  on  the  24th  of  Jiuie  1955  and  was  to  remain  in  the  hospital  until  the 
first  week  of  October.  She  was  placed  at  bed  rest  and  was  observed  for  a  few  days.  Initially 
she  had  a  rather  felirile  course  and  blood  cultures  were  obtained  in  the  second  week  of  her 
hospital  admission.  Four  blood  cidtures  proved  positive  for  staphylococcus  albus  C  and 
she  was  therefore  treated  with  20  million  units  of  peiiecillin  per  day  intravenously,  0.5 
gm  per  day  of  neomycin  intramuscularly  and  1  gram  of  strej)tomycin  per  day  intramuscu- 
larly. 

Two  positive  blood  cultures  were  again  obtained  after  two  weeks  of  therapy,  during 
which  her  fever  did  not  respond  at  all  ranging  from  100  to  101  degrees  daily.  She  was  also 
given  albamycin.  At  no  time  until  the  very  middle  of  September  was  she  completely  afe- 
brile. Six  blood  cultures  remained  sterile  thereafter. 

A  verj-  troublesome  symptom  jilagued  the  patient  after  two  to  three  weeks  of  antibiotic 
therapy.  She  began  to  have  freciuent  loose  bowel  movements  ranging  in  frequency  between 
two  and  six  a  day.  These  were  brown,  licpiid,  copious  and  did  not  respond  to  any  therapy. 
They  soon  proved  quite  disabling  to  the  patient  and  she  lost  twent3'-five  pounds,  probably 
on  the  basis  of  this  diarrhea.  At  the  time  that  she  was  losing  this  weight,  she  lapsed  into 
moderate  cardiac  failure  so  weight  loss  was  even  more  profound  than  that  recorded. 

When  antibiotic  therapy  was  discontinued  in  the  middle  of  August,  she  again  had  a 
rather  severe  bout  of  diarrhea.  At  this  point  stools  were  cultured  and  persistently  showed 
B.  Proteus  and  E.  Coli.  Sulfadiazene  did  not  reduce  the  frequency  of  her  stools  and  through 
the  later  part  of  August  and  the  first  few  weeks  of  September  she  had  severe  diarrhea  aver- 
aging six  movements  a  day.  On  the  second  day  of  September  she  lost  fluid  to  such  a  degree 
that  she  went  into  a  period  of  mild  coma.  She  had  gross  muscular  twitching  and  became 
mildly  disoriented.  On  the  second  and  third  of  September  of  1!)56,  the  patient  was  quite 
disoriented.  The  blood  urea  nitrogen  on  the  fourth  of  September  was  65  mg%.  The  C02 
content  was  32  meq/1,  chloride,  77  meq/1,  sodium,  131  meq/1  and  potassium,  was  3.5  meq/1. 

At  that  time  she  was  given  intravenous  doses  of  potassium  in  quantities  of  240  meq/day 
once  the  urinary  output  was  guaranteed.  Gradually  by  the  tenth  of  September  her  sodium 
potassium  had  been  raised  to  5.2  but  more  important  the  C02  content  had  declined  to  26 
meq/1. 

On  the  24th  of  September  the  C02  was  24  meq/1.  The  BUN  had  decreased  to  28  mg%, 
sodium  was  134  meq/1,  potassium  5.0  me(i/l  and  the  chlorides  97  meti/l.  She  was  clinically 
well  with  restitution  of  i)otassium,  sodium  and  other  electrolytes  that  had  been  lost. 

The  urine  on  the  sixth  of  Sejitember  during  the  period  of  rather  severe  alkalosis  showed 
a  specific  gravity  of  1.010,  but  it  gave  an  acid  reaction.  On  the  twenty  fourth  of  September 
the  urine  gave  an  alkaline  reaction  at  the  time  that  her  plasma  C02  content  had  fallen.  On 
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the  thirtieth  of  September  her  urine  became  normallj-  acid  as  her  serum  electrolytes  re- 
turned to  normal  limits. 

Her  clinical  picture  improved  rather  promptly  after  this.  She  became  afebrile  and  her 
failure  responded  well  to  the  usual  measures.  She  wa.s  sent  to  a  convalescent  home  where 
she  again  remained  afebrile.  She  has  been  perfectly  well,  save  for  minor  episodes  of  cardiac 
failure,  to  the  present  time. 

Chairman  King : 

I  ^-ill  now  call  on  Dr.  Arthur  W.  Lufhvig  to  di.scuss  "Pota.ssium  Depletion 
Nephropathy." 

DiHcmsion 

Dr.  Arthur  W.  Ludwig: 

In  recent  years  there  has  been  a  growing  awareneas  of  the  importance  of  the 
role  of  potassium  depletion  in  the  etiology  of  renal  dj'sfunction.  As  a  result 
of  studies  of  renal  function  in  patients  with  potassium  loss,  it  has  become  ap- 
parent that  depletion  of  this  ion  is  a  frequent  cause  of  renal  damage,  which 
fortunately  is  usualh'  reversible,  ^^^lile  most  of  the  investigations  have  been 
primarily  concerned  with  the  physiological  effects  of  potassium  loss,  we  will 
limit  the  dLscu.ssion  to  the  clinical  aspects  of  the  subject. 

There  are  manj'  po.ssible  caus-es  of  potassium  depletion.  The  largest  group 
of  patients  that  has  been  studied  adequateh'  in  regard  to  changes  in  renal  func- 
tion comprise  cases  of  chronic  diarrhea  of  varying  etiology.  The  patient  pre- 
sented this  evening  had  chronic  diarrhea  resulting  from  the  admini.stration 
of  antibiotics.  There  have  been  reports  of  renal  di.sea.se  in  patients  with  colitis, 
and  even  from  exce.ssive  enemas.  Dr.  Dunning,  who  studied  the  latter  group, 
demonstrated  that  with  a  single  enema  there  maj^  be  a  loss  of  12  to  250  milli- 
equivalents  of  potassium.  Other  cau.ses  of  chronic  diarrhea  \\\th.  renal  involve- 
ment are  abu.se  of  laxative  ingestion,  and  the  various  forms  of  the  malabsorp- 
tion sjTidrome.  Chronic  vomiting  and  p\-loric  stenosis  ha\'e  been  reported  as 
a  cause  of  potassium  depletion  nephropathy. 

Primarj-  aldosteronism  due  to  adrenal  carcinoma  has  been  demonstrated 
to  result  in  potassium  depletion.  It  was  Conn  who  first  pointed  out  that  these 
patients  suffer  from  hjTDokalemic  alkalosis.  Biop.sj'  studies  of  the  kidneys  of 
such  cases  have  revealed  the  typical  changes  a.ssociated  with  pota.ssium  loss. 
Thorn  reported  similar  findings  in  patients  ^\■ith  Cushing's  syndrome.  Patients 
receiving  steroid  therapy  may  suffer  sigiiificant  potassium  loss  and  have 
been  reported  to  demonstrate  renal  le.sions. 

The  prolonged  use  of  mercurial  diuretics  in  the  treatment  of  heart  failure, 
particularly  after  the  patient  has  become  depleted  of  sodium,  has  resulted 
in  severe  potassium  lo.ss.  Some  cases  of  chronic  renal  disease,  particularh'  if 
diarrhea  or  vomiting  are  present,  have  been  sho^n  to  be  depleted  of  potassivma, 
even  though  we  usually  a.ssociate  advanced  renal  disea.se  with  pota.ssium  reten- 
tion. Respiratory  alkalosis  and  genetic  tubular  defects  are  additional  causes 
of  excessive  pota.ssium  excretion. 

There  are  two  other  groups  which  are  of  great  tflinical  importance.  First 
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aro  the  post-oporativo  patients,  particularly  those  who  liavo  had  gastrointesti- 
nal surjj;erv,  who  are  maintained  for  long  periods  of  time  on  intravenous  fluids 
{•ontainin<!;  little  or  no  potassium.  This  group  fre(iuently  is  subjected  to  loss 
of  intestinal  contents  from  intubation  or  vomiting.  Such  jxitients  have  been 
shown  to  sulT(M-  marked  potassium  loss.  Second,  is  tlie  group  demonstrating 
the  phenomenon  of  potassium  depletion  as  a  conseciuence  of  the  treatment  of 
diabetic  acidosis  with  insulin. 

The  clinical  features  of  renal  di.sease  .s(>condarv  to  potassium  depletion  are 
consistent  with  those  that  were  mentioned  l)v  Dr.  Levitt  as  the  most  fre([uenl 
findings  in  early  renal  failure,  regardless  of  etiology. 

In  a  summary  of  lo  cases  of  potassium  depletion  nephropathy,  Kelman  and 
Schwartz  found  that  the  most  fre(iuent  urinarj'  finding  was  fi.xation  of  the 
.specilic  gravity.  Xone  of  the  patients  studied  could  elal)orate  urine  with  a 
.specific  gravity  above  1.010,  and  most  of  them  could  not  go  beyond  1.005. 
With  replacement  of  the  potassium  deficit,  concentrating  power  was  restored 
to  normal  in  all  subjects. 

Polyuria  was  found  in  only  five  of  their  13  cases;  but  these  patients  excreted 
as  much  as  six  liters  of  urine  per  day.  There  was  striking  impairment  of  tul)ular 
function  as  measured  by  phenol  red  or  PAH  excretion.  There  was  slight  diminu- 
tion of  glomerular  filtration,  estimated  by  urea  and  creatinine  clearances.  Just 
why  there  should  be  any  glomerular  dysfunction  is  strange  since  pathologic 
studies  indicate  normal  glomeruli. 

Azotemia  is  rather  infrequent,  and  is  usually  thought  to  indicate  the  exi.st- 
ence  of  an  additional  renal  lesion.  As  far  as  routine  urinalysis  is  concerned, 
there  are  no  significant  abnormalities  other  than  occasional  slight  albuminuria. 
Some  of  the  patients  demonstrate  slight  to  moderate  (>dema,  which  is  prol)- 
ably  related  to  sodium  retention. 

The  pathologic  findings  wei'e  first  described  by  Follis  in  rats  that  had  l)een 
on  potassium  deficient  diets.  They  have  been  confirmed  repeatedly  both  in 
autop.sy  material  and  from  serial  biopsy  studies  in  humans.  The  lesions  are 
primarily  tubular  changes,  consisting  of  cloudy  .swelling  with  marked  vacuoliza- 
tion, and,  in  the  more  severe  cases,  actual  desquamation  of  the  tubular  epithelial 
cells.  It  is  the  distal  tubule  which  is  most  severely  affected;  the  proximal  tubule 
less  so.  The  loops  of  Henle  appear  to  be  uninvolved,  and  the  collecting  tubules 
only  slightly  so.  As  mentioned  earlier,  there  are  no  demonstrable  glomerular 
lesions.  It  is  worth  mentioning  that  the  serial  biopsy  studies  in  the  cases  with 
the  most  marked  changes  ultimately  demonstrated  normal  renal  histology 
after  the  potassium  deficit  had  been  corrected. 

The  mechanism  by  which  the  depletion  of  the  potassium  stores  of  the  body 
induces  renal  damage  is  not  clear.  Since  potassium  is  primarily  an  intracellular 
ion,  it  has  been  postulated  that  the  cells  of  the  renal  tubule  are  particularly 
sensitive  to  loss  of  this  ion.  The  anatomical  changes  reported,  as  well  as  the 
evidence  that  the  renal  injury  is  mainh-  tubular,  tend  to  support  this  hypothe.sis. 
The  physiological  studies  reported  are,  however,  quite  contradictory. 

Evans  found  that  in  patients  who  were  made  alkalotic  in  addition  to  being 
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deprived  of  potassium,  the  kidneys  can  secrete  a  highly  alkaUne  urine  with  a 
low  concentration  of  potassium.  Perkins  and  others  have  also  reported  excre- 
tion of  alkaline  urine  following  potassium  depletion. 

On  the  other  hand,  Berliner  has  presented  evidence  that  there  is  a  compe- 
tition between  the  hydrogen  and  potassium  ions  in  the  renal  tubule.  In  the 
face  of  severe  depletion  of  potassium  stores,  there  is  an  effort  to  conserve  po- 
tassium ion,  and  larger  amounts  of  hydrogen  ion  are  excreted  producing  an 
acid  urine. 

It  is  difficult  to  reconcile  these  reports,  but  it  is  -suggested  that  the  extent 
of  potassium  depletion  in  the  different  studies  may  account  for  some  of  the 
variance.  In  those  subjects  with  only  partial  potassium  depletion,  the  kidney 
may  still  put  out  an  alkaline  urine.  This  is  in  accordance  with  the  observations 
in  Cushing's  syndrome  or  hyperaldosteronism  where  an  alkaline  urine  is  usually 
found.  But  when  there  is  marked  depletion,  as  well  as  a  restricted  intake,  of 
potassium,  the  need  to  conserve  potassium  re.sults  in  the  formation  of  acid 
urine.  In  the  ca.se  under  discussion  this  evening,  you  may  have  observed  that 
she  was  producing  an  acid  urine,  at  a  time  when  the  blood  indicated  the  exist- 
ence of  alkalosis. 

To  summarize,  the  patient  presented  tonight  is  an  example  of  severe  nephro- 
pathy caused  by  potassium  loss  secondary  to  prolonged  diarrhea  induced  by 
antibiotics.  It  is  somewhat  atypical  in  that  azotemia  was  observed,  suggesting 
the  possibility  that  there  was  an  underlying  renal  disease  either  vascular  or 
infectious  in  origin.  However,  more  typicallj^  she  demonstrated  fixation  of 
specific  gravity,  polyuria,  and  restoration  to  normal  renal  function  foUowdng 
the  administration  of  potassium  ion. 

Chairman  King: 

Renal  insufficiency  has  been  known  to  occur  in  instances  of  hypercalcemia 
associated  with  hypercalcuria  and  typical  examples  of  this  of  course  are  pri- 
mary hyperparathyroidism  and  Vitamin  D  intoxication. 

We  thought  that  the  mechanism  by  which  the  burden  of  calcium  excretion 
on  perhaps  previously  damaged  kidneys  leads  to  renal  insufficiency,  is  worth 
illustrating  and  discussing. 

I  will  ask  Dr.  David  Nash  to  present  what  I  think  is  a  dramatic  case  of  "Hy- 
percalcemic  Nephropathy." 

HYPERCALCEMIC  NEPHROPATHY 

Case  Report 

Dr.  David  T.  Nash: 

A  forty  year  old  widow  was  admitted  to  The  Mount  Sinai  Hospital  for  the  second  time 
on  December  9,  1954  with  the  chief  complaint  of  anorexia,  weight  loss  and  progressive 
lethargy.  The  patient  also  noted  left  shoulder  pains  for  some  time.  She  had  been  in  good 
health  until  the  previous  July  when  she  experienced  aching  pains  in  the  left  knee  with  in- 
ability to  bear  weight. 

There  were  no  objective  clinical  or  x-ray  findings  and  the  patient's  pain  resolved  after 
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.sevenil  "vitamin  injections."  No  other  joints  were  involved.  80011  after  tliis,  symptoms  of 
irritation  and  epigastric  pain  api)eared  and  the  patient  sustained  a  weiglit  loss  of  twelve 
pounds  over  a  two  month  period.  Meuometrorrhagia  l)eginning  in  August  necessitated  a 
dilatation  and  curettage  at  another  hospital.  No  intrinsic  uterine  disease  was  found. 

Listlessness  became  prominent  during  the  last  ])art  of  the  summer  and  during  the  two 
weeks  before  the  first  admission  in  October  of  1054,  lethargy  had  i)rogressed  to  the  point 
where  it  was  founil  difficult  to  rouse  the  patient  from  her  sleep. 

Physical  examination  at  the  time  of  her  first  admission  revealed  a  drowsy  ol)tunded  con- 
fused white  female.  Tiie  vital  signs  were  normal.  The  temperature  was  100.4  degrees.  A 
non-tender  almonil  size  lymph  node  was  found  in  the  left  axilla,  and  a  mass  believed  to 
be  the  kidney  was  found  in  the  left  ujiper  quadrant. 

Neurological  examination  at  that  time  revealed  a  central  scotoma  and  bilaterally  de- 
pressed ankle  and  knee  jerks. 

Laboratory  data  at  that  time  showed  a  urinah'sis  with  an  albumin  of  three  plus  with 
good  concentrating  power  in  the  urine.  The  urinary  Sulkowich  was  two  plus.  Hemoglobin 
was  11.7  grams  per  hundred  cc's.  There  was  a  normal  white  and  difTerential  count.  The 
sedimentation  rate  was  92  mm/hr.,  the  sodium  131  meq/1.  The  potassium  was  4.9  meq/1. 
The  chloride  was  96  me(i/l.  Blood  urea  nitrogen  was  48  and  (^reatinin  was  2.9  mg%.  Total 
protein  was  6.7  gm%  with  albumin  4.3  ami  a  gloliulin  of  2.4.  The  calcium  at  that  time  was 
13.8  mg%,  a  phosphorus  of  4.1  and  an  alkaline  phosphatate  of  11.6  K-A  units/lOOcc.  The 
Wasserman  and  LE  tests  were  negative.  The  chest  x-ray  was  negative  and  a  bone  survey 
was  negative  except  for  a  thinning  of  the  posterior  clinoid  processes  of  the  skull. 

The  left  retrograde  pyelogram  was  done  and  this  revealed  dilatation  of  the  renal  pelvis. 
.\n  electroencephalogram  done  on  the  day  of  admission  revealed  diffuse  cerebral  signs 
including  diencephalic  dysfunction.  There  was  no  lateralizing  sign.  The  lumbar  puncture 
showed  normal  cerebro-si)inal  fluid  without  cells  and  a  normal  protein  content. 

At  this  point  a  history  was  obtained  of  vitamin  1)  ingestion  and  it  was  found  that  the 
patient  had  been  taking  1(X),(XK1  units  of  vitamin  D  daily  for  the  past  six  weeks  since  the 
onset  of  knee  pain  in  July.  On  intravenous  feedings  and  low  calcium  diet  she  improved 
remarkably.  \  repeat  electroencephalogram  done  on  the  second  day  was  essentially  within 
normal  limits.  The  blood  urea  nitrogen  increased  to  60  mgm  per  100  cc.  during  the  first 
hospital  week.  It  then  fell  to  24  before  discharge. 

At  the  time  of  her  discharge  the  serum  calcium  was  12.5  mgm  %.  The  patient  continued 
to  do  well  after  discharge  until  three  weeks  before  her  second  and  last  admission  on  Decem- 
ber 29,  1954.  Lethargy  recurred  and  this  was  accompanied  by  anorexia,  constipation,  weight 
loss  and  pain  in  her  left  shoulder. 

Physical  examination  at  that  time  revealed  a  lethargic  woman  who  appeared  chronically 
ill.  The  temperature  was  normal  and  an  irregular  freely  movable  mass,  3  by  7  centimeters 
was  noted  in  the  left  axilla.  A  rubbery  lymjih  node  was  noted  in  the  right  supraclavicular 
area  and  the  left  upper  quadrant  mass  appeared  to  have  increased  in  size. 

The  liver  edge  was  palpable  one  finger  below  the  costal  margin.  There  was  tenderness 
over  the  lower  cervical  and  upper  thoracic  vertebrae.  The  BUN  at  this  time  was  25  mg%, 
the  sedimentation  rate  91  mm/hour  and  the  hemoglobin  10.5  gm%.  The  white  count  at 
this  time  was  9,700.  There  were  51%  polys,  24%  lymphocytes,  20%  normocytes  and  5% 
eosinophils  in  a  peripheral  smear.  The  ])latelet  and  reticidocyte  count  were  normal.  Serum 
calcium  was  noted  to  be  17.4  mgm  %.  .\  phosphorus  at  the  same  time  was  3.1  mgm  %.  The 
alkaline  phosphatate  was  9.8  King  Armstrong  units. 

X-ray  of  the  cervical  and  the  dorsal  sjiine  and  the  left  shoulder  were  normal.  A  plain 
film  of  the  abdomen  revealed  that  the  left  kidney  outline  was  obscured.  On  tlie  second 
hospital  day  a  biopsy  of  the  left  axilla  was  performed.  A  diagnosis  of  Hodgkin's  disease 
was  made  on  some  of  the  lymph  nodes  removed  in  this  fashion. 

The  patient  remained  afebrile  throughout  her  hospital  stay.  Her  lethargy  continued. 
On  the  sixth  day  of  hospitalization.  .\C'TH  in  dosage  of  60  units  per  day  was  begun.  On  the 
tenth  day  100  mgm  of  cortisone  ])or  da\-  was  begun.  At  the  same  time  x-ray  therapy  was 
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given  1o  the  left  axilla,  to  the  left  upper  quadrant  and  to  the  right  cervical  area.  On  the 
twenty  first  hospital  day,  the  serum  calcium  had  fallen  to  10.1  mgm  %  and  the  serum  phos- 
phorus was  1.9.  Her  BUN  had  fallen  to  19  mg%. 

The  patient  was  discharged  on  February  4,  1955.  At  that  time  the  masses  in  her  abdomen 
and  left  axilla  had  decreased  in  size.  However,  new  lymph  nodes  were  noted  in  the  left 
cervical  area. 

She  did  well  for  a  few  weeks  after  discharge  but  then  became  febrile  again.  Nitrogen 
muscular  therapy  was  given  at  home  after  which  thrombocytopenia  and  leukopenia  de- 
veloped. She  died  suddenly  at  home  two  months  after  discharge  with  evidence  of  cerebral 
bleeding.  No  permission  for  post  mortem  examination  was  obtained. 

In  summarj%  a  fort}'  eight  year  old  white  female  with  lethargy,  joint  pains,  anorexia, 
and  weight  loss  was  admitted  to  this  hospital  in  1954.  She  was  found  to  have  hypercalcemia 
with  a  serum  calcium  as  high  as  17.4  mgm.  A  diagnosis  of  Hodgkin's  disease  was  established 
by  lymph  node  biopsy.  The  patient's  serum  calcium  was  reduced  to  normal  values  by  the 
use  of  steroid  therapy. 

Chairman  King: 

Dr.  Bernard  Schwartz  makes  all  disturbances  of  calcium  metabolism  his 
hobby,  so  I  have  called  on  him  to  discu.ss,  "Hypercalcemic  Nephropathy." 

Discussion 

Dr.  Bernard  M.  Schwartz: 

There  are  at  least  eight  clinical  conditions  associated  with  hypercalcemia. 
The  classical  one  of  course  is  hyperparathyroidism.  The  second  one  is  Boeck's 
sarcoid.  It  occurs  in  three  malignant  conditions:  metastic  carcinoma  either 
with  or  without  metastases  to  the  bone;  in  multiple  myeloma;  and,  as  we  have 
seen  tonight,  in  Hodgkin's  Disease,  the  newest  addition  to  the  list.  It  also  oc- 
curs in  three,  what  we  might  call  primarily  metabolic  conditions:  hypervita- 
minosis  D  which  occurred  in  our  case  tonight  and  which  we  will  have  occasion 
to  discuss  in  a  short  while.  It  occurs  in  what  is  called  Burnett's  syndrome  which 
results  from  the  hyperingestion  of  milk  and  large  amounts  of  alkali  including 
calcium  salts.  And  finally,  it  develops  in  a  situation  that  is  called  acute  osteo- 
porosis which  occurs  in  people  who  are  immobilized  and  in  whom  very  active 
bone  growth  is  occurring  at  the  time,  such  as  in  growing  children  with  a  frac- 
ture of  the  femur,  or  poliomyelitis,  or  in  elderly  patients  with  Paget 's  disease. 
Entirely  apart  from  the  diagnosis  of  the  basic  disease,  the  specific  recognition 
of  hypercalcemia  is  important  for  at  least  two  reasons.  One,  the  patient  may 
experience  very  disabling  and  uncomfortable  symptoms  from  the  hypercalcemia 
per  se  and  secondly,  and  more  important,  any  hypercalcemia  which  is  pro- 
longed for  a  sufficient  length  of  time  is  accompanied  by  renal  damage,  and  if 
this  renal  insufficiency  persists  long  enough,  by  irreversible  renal  failure. 

Another  reason  for  attempting  early  diagnosis  of  hypercalcemia  is  that  when 
severe  renal  insufficiency  occurs,  the  high  blood  phosphorus  which  accom- 
panies increasing  azotemia  will  cause  a  lowering  of  the  pre\'iousl3'  elevated 
blood  calcium  towards  normal  levels.  Filrther,  in  the  very  late  stages  of  the 
disease  the  previous  hypercalciuria  which  accompanies  the  hypercalcemia  will 
be  reduced  to  normal.  Thus  the  presence  of  a  normal  calcium  in  the  lU'ine  and 
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a  normal  l)loocl  calcium  may  mask  the  fuiidamcutal  and  underlying  reasons 
for  the  patient's  renal  insufficiency. 

At  times,  the  differential  diagnosis  of  these  conditions  may  be  extremely 
difficult,  especially  when  combinations  of  them  occur.  Generally,  the  various 
ancillary  clinical  features  that  accompany  them  make  the  differential  diagnosis 
relatively  easy  if  seen  early  enough. 

Probably  more  difficult,  however,  is  the  recognition  of  the  hypercalcemia, 
either  when  it  arises  de  novo  or  when  it  ari.ses  as  a  complication  of  one  of  the 
diseases  where  it  is  a  secondary  manifestation.  This  does  not  present  so  much 
of  a  problem  in  a  general  hospital  where  many  laboratory  facilities  are  avail- 
able, as  in  the  physician's  office. 

It  therefore  would  be  \aluable  to  review  the  specific  signs  and  symptoms 
of  hypercalcemia.  The  first  group  of  symptoms  consists  of  lack  of  muscle  tone, 
(the  rever.se  of  what  occurs  in  tetany  with  a  low  blood  calcium),  lethargy,  weak- 
ness and  obtundation,  as  we  have  seen  in  the  patient  presented  tonight.  Even 
disturbance  of  gait  can  occur  from  the  weakness  and  the  lack  of  muscle  tone. 
All  these  .symptoms  may  focus  the  pln-sician's  attention  on  a  primary  disorder 
of  the  central  nervous  system. 

The  second  set  of  symptoms  revolves  about  the  ga-stro-intestinal  tract.  Pa- 
tients may  manifest  constipation,  occasional  diarrhea,  but  more  commonly 
anorexia,  nausea,  vomiting.  The  lack  of  intake  is  accompanied  sometimes  by 
quite  profound  weight  loss  amounting  to  20,  30,  or  more  pounds. 

The  attention  of  the  clinician  in  this  instance  is  focused  upon  the  gastro- 
intestinal tract  and  it  is  not  surprising  that  the.se  patients  have  been  sent  to 
gastroenterologists. 

The  situation  is  further  complicated  by  the  fact  that  in  a  number  of  these 
conditions,  it  appears  that  duodenal  ulcer  is  quite  common;  for  example,  in 
hyperparathyroidism.  When  the  diagnosis  of  duodenal  ulcer  is  made  or  is  sus- 
pected, the  use  of  the  classic  treatnient  of  large  amounts  of  milk  and  alkali 
including  calcium  salts  will  only  aggravate  the  hypercalcemia. 

When  calcium  is  elevated  in  the  blood  for  a  long  period,  it  will  tend  to  be 
deposited  in  various  organs  of  the  body.  In  certain  situations  such  as  the  lung 
or  the  mucosa  of  the  stomach  and  even  in  the  media  of  the  arteries,  this  does 
not  usually  produce  clinical  symptoms.  However,  there  are  two  places  where 
the  deposits  may  become  clinically  evident.  One  is  in  the  cornea  of  the  eye 
where  the  so-called  band  keratosis  or  band  keratopathy  occurs.  One  usually 
needs  a  slit  lamp  to  .see  these  lesions  but  there  have  been  instances  where  ocular 
lesions  ha^■e  been  observed  with  the  naked  eye. 

Finally,  the  persistent  hypercalcemia  may  lead  to  renal  damage,  as  we  have 
heard,  with  polyuria  and  other  symptoms.  The  hypercalcemia  can  affect  renal 
functioning  in  se\  eral  ways.  For  one,  early  in  the  course  it  is  accompanied  by 
increased  rates  of  calcium  excretion  in  the  urine.  This  will  often  lead  to  the 
precipitation  of  renal  stones.  In  the  wake  of  renal  stones,  the  urine  frequently 
becomes  infected  and  pyelonephritis  may  follow. 

It  is  also  true  that  even  in  the  absence  of  renal  stones  these  patients  have  a 
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greater  propensity  than  normal  to  develop  pyelitis,  and  it  frequently  is  the 
pj'-elitis  which  is  the  factor  that  will  cause  the  patient's  demise  rather  than 
the  underlying  disease. 

The  second  mechanism  is  the  deposition  of  calcium  in  the  parenchyma  of 
the  kidnej^,  particularly  the  renal  tubule.  It  is  accompanied  by  what  is  called 
an  interstitial  nephritis,  and  apparently  finally  glomerular  function  is  involved 
so  that  these  people  get  the  classical  picture  of  renal  failure  with  a  fixed  urinary 
specific  gravity  of  1.010,  decreased  PSP  excretion,  and  elevated  blood  urea 
nitrogen. 

The  time  at  our  disposal  doesn't  allow  us  to  discuss  all  the  conditions  men- 
tioned but  I  think  if  we  discuss  one  or  two  of  them,  we  may  bring  out  some 
salient  points. 

A  very  interesting  condition  particularly  in  the  light  of  the  keynote  of  to- 
night's program,  which  is  reversibility,  is  the  hypercalcemia  which  accompanies 
Boeck's  sarcoid.  In  different  series  it  is  reported  that  hypercalcemia  occurs 
in  Boeck's  sarcoid  in  from  20  to  45  per  cent  of  the  cases.  The  blood  calcium 
elevation  is  not  usually  accompanied  by  a  low  blood  phosphorus  nor  elevated 
alkaline  phosphatase  as  in  hyperparathyroidism.  It  bears  no  correlation  to 
the  degree  of  bony  involvement  in  Boeck's  sarcoid.  It  bears  no  correlation  with 
the  level  of  the  serum, globulin.  There  are  some  studies  that  appear  to  indicate 
that  very  probably,  since  there  is  an  increased  intestinal  absoi-ption  of  calcium 
and  phosphorus  from  the  intestinal  tract,  there  may  be  a  vitamin  D  like  sub- 
stance created  in  this  disease. 

In  a  recent  review  of  ten  cases  of  Boeck's  sarcoid  accompanied  by  hyper- 
calcemia, some  important  points  about  therapy  were  brought  out.  In  every 
one  of  the  ten  cases,  each  of  whom  had  a  fixed  urinary  specific  gravity  of  1.010, 
the  administration  of  steroid  hormones  resulted  in  a  fall  of  the  blood  calcium 
to  normal  in  a  very  short  period  of  time,  within  two  to  three  weeks.  In  a  num- 
ber of  cases  there  was  no  further  recurrence  of  the  hypercalcemia  even  though 
the  steroids  were  stopped  after  a  relatively  short  course.  Some  patients  were 
given  the  drug  for  other  reasons,  or  perhaps  for  this  reason,  for  a  long  period 
of  time;  but  in  many  cases  where  the  steroid  therapy  was  stopped  there  was 
no  recurrence  of  the  hypercalcemia  after  as  long  a  period  as  two  years.  In  two 
other  patients,  one  had  a  recurrence  after  eighteen  months  and  another  had 
a  recurrence  after  two  years  both  of  which  again  responded  to  the  steroids. 

The  response  of  the  kidney  function,  however,  was  a  little  different.  In  general, 
one  may  say  that  the  return  of  the  kidney  function  was  dependent  upon  the 
degree  of  involvement  that  existed  at  the  time  when  meticorten  was  started. 
In  the  two  patients  where  the  urea  nitrogen  was  already  over  a  hundred,  de- 
spite the  fact  that  the  serum  calcium  returned  to  normal,  the  patients  went 
on  to  progressive  uremia  and  died. 

On  the  other  hand,  of  three  patients  with  a  fixed  urinary  specific  gravitj' 
and  decreased  PSP  secretion  with  only  moderate  elevation  of  the  urea  nitrogen, 
complete  restitution  of  renal  function  occured  in  two.  In  one,  however,  it  took 
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three  months  and  in  one,  two  years.  There  were  a  few  patients  with  moderate 
degrees  of  urea  elevation  wlio  had  some  improvement  in  renal  funetion  but 
who  never  did  return  completely  to  normal. 

Another  interesting  aspect  of  the  Boeck's  sarcoid  cases,  as  in  some  of  the 
other  conditions  we  have  mentioned,  is  their  hyper.sensitivity  to  vitamin  D. 
Smaller  dosages  of  vitamin  I)  than  ordinarily  would  produce  toxicity  will  cause 
n  great  exacerbation  of  the  hypercalcemia  in  these  pc'ople,  which  fact  reminds 
us  of  the  case  that  was  discussed  this  evening  where  the  same  phenomenon 
occurred.  This  woman  luul  received  100,000  units  of  \  itamin  D  for  six  weeks 
whereas  ordinarily  the  classical  cases  of  vitamin  D  intoxication  occur  only 
after  loO,()0()  units  over  much  longer  periods  of  time.  We  may  presume  here 
that  the  tendency  for  the  hypercalcemia  in  Ilodgkin's  di.sease  ma(h>  her  lu'per- 
sensitive  to  this  vitamin. 

This  patient,  l)y  the  way,  is  one  of  the  first  two  patients  to  b(>  reported  in 
the  literature  with  the  association  of  Hodgkin's  disease  and  hypercalcemia,  as 
reported  by  Drs.  Kabakow  and  King  of  this  hospital.  It  is  too  early  to  know 
whether  the  hypercalcemia  associated  with  Hodgkin's  disease  will  always  be 
associated  with  bony  lesions  or  whether  as  in  Boeck's  sarcoid  and  in  some  of 
the  metastatic  malignancies,  it  will  occur  with  extra-skeletal  lesions  as  well. 

As  a  last  word,  I  might  say  that  in  patients  with  unexplained  lethargy,  un- 
explained central  nervous  system  manifestations,  unexplained  gastrointestinal 
symptoms,  especially  with  some  suggestion  of  renal  involvement,  one  should 
bear  hypercalcemia  in  mind.  The  urine  Sulkowich  test  is  one  of  the  simplest 
tests  in  medicine  and  if  it  is  performed,  especially  in  association  with  a  blood 
calcium  where  indicated,  the  results  can  often  be  very  rewardhig. 

Chairman  King: 

I  think  it  is  to  the  everlasting  credit  of  Lucke  who  is  a  pathologist  at  the 
Army  Medical  Museum,  that  he  had  the  clinical  insight  to  appreciate  the  fact 
that  tubular  damage  occurred  in  association  with  progressive  renal  failure  in 
the  so-called  Cru.sh  syndrome.  He  had  the  perspicacity  to  realize  that  many 
other  clinical  conditions  would  cause  the  same  pathological  lesions  and  among 
them  he  mentioned  transfusions  with  incompatible  blood,  sulfonamides,  in- 
toxications of  various  things  and  various  poisonous  agents.  These  were  recog- 
nized by  him  early  as  contributing  or  causing  the  same  lesions  known  to  be 
associated  with  the  Crush  syndrome.  And  I  think  likewise  that  it  is  no  discredit 
to  Lucke  that  subsequent  investigations  notably  by  Oliver  have  shown  that  the 
pathological  lesion  is  not  necessarily  localized  to  the  lower  nephron.  I  think, 
as  a  matter  of  fact,  it  is  questionable  whether  the  term  "lower  nephron  nephro- 
sis" is  actually  descriptive  or  as  a  matter  of  fact  is  on  firm  foundation  at  all. 

And  3'et  the  term  has  come  to  mean  certain  things  to  most  clinicians,  and  so 
for  the  purposes  of  this  evening,  we  have  retained  the  term  "lower  nephron 
nephrosis".  As  the  last  case  we  will  have  Dr.  Marshall  Levy  present  this  case 
of  Lower  Nephron  Nephrosis  which  followed  transfusion. 
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LOWER  NEPHRON  NEPHROSIS 

Case  Report 

Dr.  Marshall  S.  Levy: 

This  is  a  case  of  a  25  year  old  white  woman  who,  three  years  prior  to  her  present  illness, 
had  had  a  Cesarian  section  during  which  she  was  given  a  unit  of  blood.  On  December  21, 
1956  she  was  admitted  to  a  local  hospital  to  have  a  D  &  C  for  vaginal  bleeding  during  the 
third  month  of  her  second  pregnancy.  On  the  operating  table  she  was  given  a  unit  of  whole 
blood.  This  seemed  to  be  followed  by  increased  bleeding.  Following  a  second  unit  she  de- 
veloped chills,  hemoglobinuria,  and  eventualh-  severe  oliguria.  Subsequently,  anti-Cellano 
and  anti-Kell  antibodies  were  found  in  her  serum. 

During  the  next  week  her  daily  urine  output  was  under  100  cc  and  her  hemoglobin  fell 
to  8.5  gm%.  Azotemia  began  to  develop.  Despite  the  fact  that  her  general  condition  and 
spirits  were  good,  she  was  transferred  to  The  Mount  Sinai  Hospital  on  the  ninth  day  of 
oliguria  for  treatment  of  her  renal  failure.  Laboratory  findings  on  arrival  included  hemo- 
globin 8.2  gm.%,  hematocrit  24%,  BUN  164  mg.%,  and  the  urine  output  for  the  first  24 
hours  was  200  ml. 

On  the  eleventh  day  her  BUN  had  risen  to  220  mg.%,  her  hemoglobin  was  down  to  7.4 
gm.%,  but  her  urine  output  was  beyond  the  oliguric  phase  since  she  was  excreting  a  liter 
per  day.  On  the  twelfth  day  her  hemogloliin  was  6.1  gm.%,  and  after  she  had  a  bout  of 
pallor  and  vomiting  that  day  a  later  hemoglobin  determination  revealed  a  fall  to  4.2  gm.%. 
This  was  over  a  ten  hour  period. 

Antibiotics  and  Sparine  were  given  at  this  time  and  prophylactic  Dilantin  was  started. 
Despite  the  severe  anemia  she  produced  1500  ml.  of  urine  that  day.  On  the  thirteenth  day 
her  hemoglobin  was  2.7  gm.%.  The  clinicians  were  desperate.  They  called  blood  banks 
throughout  the  country  to  find  some  Cellano  and  Kell  negative  blood.  On  day  thirteen  her 
BUN  reached  a  peak  250  mg.%  and  the  24  hour  urine  output  was  2000  ml.  On  this  day  175 
ml.  of  whole  blood  was  given  despite  the  fact  it  was  demonstrated  to  be  incompatible  by 
the  indirect  anti-globulin  matching  method.  This  was  followed  by  chills  and  hemoglobi- 
nuria. The  diuresis  was  unaffected  and  the  BUN  continued  to  fall.  Intravenous  hydro- 
cortisone was  started. 

On  the  fifteenth  day  when  her  BUN  had  fallen  to  200  mg.%,  the  urine  output  was  almost 
4000  ml.  and  the  hemoglobin  concentration  was  2.2  gm.%.  At  last  the  outside  requests  for 
compatible  blood  brought  a  response.  A  donor  was  found  in  San  Francisco,  one  in  London, 
and  two  in  Boston.  Of  these  four  units  only  one  from  a  125  lb.  Boston  woman  was  com- 
patible. Five  hvuidred  ml.  of  this  donor's  blood  did  not^produce  a  measureable  rise  in  our 
patient's  hemoglobin  which  was  down  to  1.3  gm.%  two  days  later.  The  same  donor  gra- 
ciously gave  another  300  ml.  which  produced  a  rise  in  the  patient's  hemoglobin  to  2.2  gm.%. 
Urine  output  at  this  time  was  well  over  4  liters  a  day. 

On  the  nineteenth  day  she  developed  symptoms  of  congestive  failure  and  was  subse- 
quently digitalized  with  intravenous  Digoxin.  The  BUN  had  fallen  to  48  mg.%.  Her  Boston 
friend  was  called  upon  again;  she  gave  another  300  ml.  The  patient's  reticulocyte  count 
had  been  about  4%  up  to  the  nineteenth  day.  On  the  twentieth  day  it  was  40%  of  her  980,000 
rbc/mm'.  This  was  the  start  of  a  rapid  erythropoiesis. 

Hyperkalemia  was  never  a  problem.  She  did  develop  some  fleeting  angina  with  S-T 
depressions  in  lead  I,  II,  and  the  chest  lei^ds  but  this  lasted  only  a  few  hours.  With  the 
onset  of  the  reticulocyte  response  she  rapidly  improved  over  the  next  three  weeks.  The 
BUN  was  12  mg.%  and  the  hemoglobin  was  7.4  mg.%  at  the  time  of  discharge. 

Concerning  treatment,  the  fluids  during  the  oliguric  phase  were  restricted  to  the  volume 
she  put  out  as  urine  plus  vomitus,  or  up  to  400  ml.  more  than  that.  She  developed  no  edema 
or  dehydration.  The  fluids  given  were  usually  in  the  form  of  about  a  third  isotonic  saline 
or  sodium  lactate;  the  remainder  of  the  solute  was  glucose  in  distilled  water.  She  remained 
normotensive  tliroughout  her  illness. 
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("hairinan  King: 

Xo  mention  is  n\ade  of  the  donor's  hemoglobin. 

I  call  on  Dr.  Levitt  to  elose  thi.s  conferenee  with  a  di.scus.'^ion  of  lower  nephron 
nophro.sis. 

Discusaiun 

Dr.  Marvin  1".  f.evitt: 

Yon  have  been  so  completely  liaianjj;ne(l  i)y  this  time  that  I  think  we're 
going  to  limit  our  connnents  to  u  few  relevant  ones  relating  to  the  therapy  of 
renal  failure  and  to  the  importance  of  the  ischemia  in  the  developm(>nl  of  renal 
failure. 

First,  us  this  patient  demonstrates,  the  conservative  therapy  of  renal  failure 
is  simply  the  replacement  of  the  solute  and  water  which  is  formed.  During  the 
solute  diuresis,  she  was  given  salt  and  water  in  appro.ximately  one-third  iso- 
osmotic  concentration,  in  a  \'olume  comparable  to  what  she  was  losing.  As 
during  the  oliguric  pha.se,  no  attempt  was  made  to  force  her  fluid  intake.  The 
fluid  output  was  dehued  by  the  fact  thai  nephrons  were  beginning  to  operate, 
and  this  (juantity  was  simply  replaced,  with  the  understanding  that  this  urine 
contained  large  quantities  of  solute  because  her  tubules  were  not  absorbing 
salt.  Salt  and  water  were  replaced  in  a  volume  equivalent  to  what  she  was  losing. 

Another  very  important  consideration  that  I  think  this  patient  demonstrates 
so  clearly  is  the  prol)lem  of  correcting  the  anemia.  I  think  it  should  be  reas- 
suring to  see  this  fabulous  polyuria  occur  in  the  face  of  a  mean  hemoglobin 
concentration  under  three  grams  per  cent.  And  I  think  I'm  understating  it 
when  I  say  her  mean  hemoglobin  concentration  was  under  three.  It  was  prob- 
ably under  two  grams  per  cent,  but  I  would  like  to  emphasize  that  anemia  per 
se  does  not  produce  any  untoward  effect  on  renal  function.  Possibly  this  re- 
markable resistance  of  the  kidney  to  anemia  is  a  conse(iuence  of  the  fact  that 
the  kidne\'  has  the  lowest  oxygen  extraction  ratio  of  any  organ  in  the  body.  The 
kidnej'  has  not  one  fraction  of  the  vulnerability  to  anemia  that  charactcn-izes 
the  heart  and  to  some  extent  the  brain. 

The  indications  for  the  use  of  blood  in  the  management  of  n>nal  failure  should 
largely  i)e  the  development  of  sj'mptoms  due  to  the  anemia  per  se.  The  organ 
which  fails  most  c{uickly  when  the  anemia  becomes  severe  is  the  heart.  Generally, 
it  is  the  manifestation  of  heart  failure  or  angina  which  conditions  the  need  for 
blood.  Actually  there  was  only  one  tense  night  with  Lorraine  Avhen  she  had  a 
hemoglobin  somewhat  under  13^  grams  per  cent,  and  she  complained  of  a  little 
pain  in  her  chest.  Of  course  the  fact  that  her  coronary  arteries  were  widely 
patent  proved  helpful. 

This  type  of  renal  failure  represents  a  form  which  is  precipitated  In'  reduced 
renal  perfusion.  Dr.  King,  earlier  in  the  evening  emphasized  that  the  one  com- 
mon denominatoi'  which  underlay  the  development  of  "lowei-  nephron  nephro- 
sis" is  a  varietj'  of  different  etiological  factors  reducing  renal  perfusion.  Whether 
that  factor  be  a  reduced  cardiac  output,  or  a  reduced  circulating  volume,  or 
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hypotension  or  the  release  of  free  hemoglobin,  or  the  sudden  development  of 
hypotension  due  to  heart  disease  or  pulmonary  embolism,  the  one  underlying 
factor  which  tends  to  destroy  kidney  functions  is  ischemia.  Although  a  pa- 
tient like  this  is  a  very  dramatic  one,  and  represents  the  sudden  development 
of  renal  failure  in  a  previously  normal  patient,  this  development  of  ischemia 
is  far  more  important  when  it  is  superimposed  in  patients  with  renal  disease. 

The  subject  with  renal  disease  is  exquisitely  sen.sitive  to  any  superimpo.sed 
ischemia.  Any  factor  which  will  reduce  his  renal  blood  flow,  be  it  a  coronary 
thrombosis,  reduced  cardiac  output,  a  retrograde  pyelogram,  salt  depletion, 
or  possibly  infection;  any  such  factor,  in  a  patient  with  underlying  renal  disease, 
makes  him  vulnerable  to  the  superimposition  of  a  picture  of  lower  nephron 
nephrosis. 

In  the  management  of  patients  with  renal  failure,  a  vital  factor  is  the  avoid- 
ance of  any  stimulus  which  will  reduce  the  level  of  renal  blood  flow.  Although 
a  dramatic  incident  like  the  one  presented  here  would  demonstrate  how  ische- 
mia can  produce  lower  nephron  nephrosis  in  a  perfectly  normal  woman,  this 
phenomenon  is  far  more  relevant  and  frequent  in  patients  with  underlying 
renal  disease. 
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BERNARD  WOLF,  M.l). 

THE  USE  OF  A  FRACTIONAL  IXX^IS  FOR  SPOT  RADIOGRAPHY 
EXTRAN'CE  AXD  EXrr  DOSES  AT  "HKIH  KV" 

(With  the  Assistance  of  Sergei  Feitelberg,  M.D.) 

In  a  pre\-ious  note,  the  usefuhiess  of  the  so-called  fractional  focus  (0.;^  nun.  x 
0.3  mm.)  for  spot  ("aimed")  radiography  of  infants  and  young  children,  espe- 
cially during  barium  meal  and  barium  enema  examination  was  described.  The 
detail  achieved  under  the.se  circumstances  was  easily  comparable  to  conventional 
radiograph}'.  It  was  pointed  out  that  extension  of  the  technique  to  adults  (except 
in  the  chest)  presented  difficulties  because  of  the  relatively  low  output  of  the  x-ray 
tube.  The  effort  was  ne\-erthele.ss  made  to  extend  the  techniciue  by  making  the 
following  changes:  (a)  The  voltage  applied  to  the  tube  was  increased  from  the 
maximum  conventional  peak  kilovoltage  of  90  to  125;  (b)  a  "wave  smoothing" 
device  was  incorporated  into  the  circuit  in  order  to  approach  constant  voltage; 
(c)  the  milliamperage  was  increased  to  30  milliamperes;  (d)  more  sensitive,  fast 
screens  and  x-ra^'  film  were  used.  I^nfortunately,  to  obtain  satisfactory  contrast 
at  125  K\T,  it  was  necessary  to  use  the  equivalent  of  a  14  to  1  grid.  Moreover, 
the  use  of  fast  screens  and  fast  film  to  some  degree  viciates  the  increased  detail 
obtainable  from  a  fractional  focal  spot.  It  was  found  nevertheless  that  more 
satisfactory  films  could  be  obtained  with  the  fractional  focal  spot  but  that  the 
time  of  exposure  had  to  be  increased  in  general  by  about  50%.  It  is  therefore  not 
feasible  to  obtain  films  in  the  abdomen  of  heavy  adults  in  oblique  or  lateral 
positions  without  prolonging  the  time  to  a  point  where  motion,  particulai'ly  of 
the  duodenum,  produces  undesirable  blurring.  In  this  investigation,  the  added 
aluminum  filtration  in  each  case  was  2  mm.  of  aluminum  and  for  comparison, 
con\-entioual  spots  taken  at  90  kvp,  190  milliamperes  and  8  to  1  grid  were  used. 

The  utilization  of  higher  kilovoltag&s  and  more  constant  potential  for  spot 
radiography  should  also  make  possible  a  decrease  in  the  radiation  exposure  of 
the  patient  for  equivalent  radiographic  results.  This  was  investigated  with  a 
masonite  phantom  GJ-^  inches  thick.  With  a  field  size  of  about  10  inches  square, 
the  entrance  and  exit  doses  were  measured  with  a  25  r  Mctoreen  condenser  r- 
meter  as  a  function  of  various  thicknesses  of  added  aluniinum  filtration.  The 
results  of  these  experiments  are  indicated  in  Fig.  1.  The  findings  indicate  that 
approximately  the  same  exit  dose  was  reciuired  in  order  to  obtain  spots  of  similar 
quality  but  that  the  entrance  do.se  could  be  reduced  to  two-thirds.  These  figures 
refer  to  the  factors  quoted  above  used  for  comparison  of  the  radiographs,  that  is, 
125  kvp,  30  milliamperes  and  a  14  to  1  grid  was  u.sed  while  at  90  kvp,  an  8  to  1 
grid  and  190  milliamperes  were  used.  At  this  latter  milliamperage,  the  wave 
smoothing  device  has  little  if  any  effect.  Fig.  1  also  demonstrates  that  a  slight 
further  decrease  in  radiation  exposure  can  be  obtainerl  by  increasing  the  added 
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aluminum  filtration  to  21-2  or  3  mm.  It  was  also  of  interest  that  the  entrance  to 
exit  dose  ratio  with  the  fluoroscopic  factors  used,  that  is  90  kvp,  3.5  milliamperes, 
2  mm.  aluminum,  with  the  wave  smoothing  device  in  the  circuit,  was  15,  that  is, 
about  midway  between  the  curves  of  figure  1.  The  actual  table-top  output  (with 
backscatter)  was  9.4  r  per  minute;  target-table  top  distance  was  18  inches,  field 
size  (exit)  about  8  by  8  inches.  v 

CASE  XO.  48 

Barium  enema  examination  (Figs.  lA,  IB)  on  a  39  year  old  female  was  per- 
formed without  incident  and  demonstrated  a  segment  2  to  3  inches  in  length  in 
the  ascending  colon  with  limited  distensibility  and  a  markedly  ragged  contour, 
particularly  posteriorly  on  its  medial  aspect.  The  transition  between  this  area 
and  adjacent  portions  of  the  colon  appeared  to  be  fairly  abrupt.  A  normal  haus- 
tral  pattern  was  not  evident  but  instead  transverse  folds  and  multiple  haus- 
treolae  were  demonstrated.  The  area  did  not  appear  to  be  rigid  and  there  was  no 
associated  intraluminal  filling  defect  or  any  remarkable  spasm.  On  close  examina- 
tion of  the  fihns  (Fig.  IB),  it  could  be  noted  that  barium  had  entered  the  appendix 
which  was  directed  upwards  behind  the  colon;  the  tip  of  the  appendix  was  not 
definitely  visualized  but  had  to  be  located  in  the  region  of  the  involved  segment 
of  colon. 

The  history  on  this  patient  in  combination  with  the  roentgen  findings  was 
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Case  48,  Fig.  lA.  Film  from  the  barium  enema  examination  with  the  patient  prone  in 
the  right  anterior  oblique  position  shows  a  segment  2  to  3  inches  in  length  in  the  ascend- 
ing colon  with  limited  distensibility  and  a  markedly  ragged  and  irregular  contour 
posteriorly.  The  normal  haustral  pattern  is  absent  but  fairly  thick  transverse  folds  can  be 
seen  traversing  the  lumen.  This  segment  appears  to  begin  and  end  rather  abruptly  but 
there  are  no  overhanging  edges.  An  intraluminal  filling  defect  is  not  present  and  there 
is  no  remarkable  spasm.  Arrow  points  to  a  markedly  shaggy  mucosal  pattern  without 
ulceration  or  rigidity,  indicative  of  mucosal  congestion  and  inflammation. 

diagnostic.  Three  weeks  prior  to  admission,  she  began  to  complain  of  right  lower 
quadrant  pain  which  had  increased  progressively  in  severity.  In  the  two  days 
prior  to  admission,  temperature  had  been  between  101  and  103°.  There  was  no 
history  of  nau.sea,  vomiting  or  diarrhea.  On  physical  examination,  a  grapefruit 
size  mass  was  palpable  low  on  the  right  side  of  the  abdomen.  Rectal  and  pelvic 
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Case  48,  Fig.  1  B.  Film  taken  after  evacuation  of  the  barium  and  injection  of  air  shows 
limited  distensibility  of  the  medial  aspect  of  the  involved  segment  in  the  ascending  colon. 
Small  haustra  or  haustreolae  are  present  along  the  lateral  contour  of  this  segment  but 
the  medial  contour  is  jagged.  The  arrow  points  to  the  filled  appendix  located  behind 
the  ascending  colon  and  directed  towards  the  involved  segment.  Incidentally,  the  "fat" 
lines  of  the  abdominal  wall  adjacent  to  the  involved  region  of  the  colon  are  indistinct 
but  the  significance  of  this  is  difficult  to  judge. 

examinations  were  negative.  Blood  count  prior  to  admission  was  20,000  but 
came  down  to  7,200  with  7(5%  polyps  at  the  time  of  admission.  With  antibiotic 
therapy,  the  patient  improved  and  the  mass  decreased  in  size.  The  patient  was 
di.scharged  to  retuiii  for  interval  appende(•tom^^ 
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Three  months  later,  laparotomy  was  performed.  Tiie  appendix  was  found  to  he 
retrocolic  and  its  tip  was  adherent  to  the  ascending  colon.  At  this  site,  there  were 
remnants  of  a  previous  al)s('e.ss  with  yellowish  grainilat ion  tissue  adherent  to  the 
colon.  Appendectomy  with  drainage  was  performed. 

Final  Diagnosis:  Appendiceal  abscess  ixvolving  the  w.\ll  ok  the  ascexd- 

IXG  COLOX. 

CASK  NO.  49 

Barium  meal  examination  on  a  47  y(>ar  old  female  .showed  no  evidence  of  any 
intrinsic  lesion  of  the  stomach  or  duodenum.  However,  (Fig.  1)  the  duodeno- 
jejunal flexure  appeared  to  he  lower  than  usual  and  moreover  wa.s  straightened 
and  horizontal  instead  of  showing  the  usual  graceful  curve  convexity  upwards. 
This  area  appeared  to  be  abnormally  fi.xed  since  it  remained  in  the  same  location 
in  all  positions  of  the  patient.  The  mucosal  pattern  of  this  segment  was  intact 
and  there  was  no  e\-idence  of  any  d(>lay  in  the  passage  of  l)arium. 

This  patient  complained  of  episodes  of  abdominal  pain  for  8  months  prior  to 


Case  49.  Fig.  1 .  Film  from  the  G.I.  series  with  the  patient  prone  shows  the  duodeno- 
jejunal region  (arrowi  to  be  depressed,  compressed  and  abnormally  straight  and 
horizontal.  The  mucosal  pattern  in  this  area  is  intact  and  there  was  no  evidence  of  any 
delay  in  the  passage  of  barium  through  this  site.  Comparison  of  films  taken  in  different 
positions  showed  that  there  was  no  mobility  of  the  duodeno-jejunal  flexure. 
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admission.  An  x-ray  examination  tal<;en  elsewhere  was  said  to  have  demonstrated 
a  gastric  ulcer.  The  patient  improved  somewhat  on  an  ulcer  regime  and  a  repeat 
G.I.  series  showed  no  evidence  of  gastric  ulceration.  The  pain  nevertheless  re- 
curred, mostly  on  the  left  side  of  the  epigastrium,  and  radiated  to  the  back.  The 
patient  also  began  to  complain  of  anorexia  and  lost  12  pounds  in  weight. 

On  admission,  the  positive  finding  was  a  mass  to  the  left  of  the  epigastrium.  At 
exploratory  laparotomy,  this  was  found  to  be  in  the  body  of  the  pancreas  and 
biopsy  was  reported  as  adenocarcinoma. 

The  case  is  presented  to  emphasize  the  importance  of  ^'isualizing  the  duodeno- 
jejunal flexure  routinely  in  barium  meal  examinations.  This  may  be  difficult  in 
cases  in  which  it  lies  high  behind  the  stomach.  In  such  instances,  the  left  anterior 
oblique  position  or  right  posterior  oblique  with  the  patient  on  his  back  may  be 
useful. 

Final  Diagnosis:  Carcinoma  of  the  body  of  the  pancreas  depressing  and 

COMPRESSING  THE  DUODENO-JEJUNAL  FLEXURE. 

CASE  XO.  50 

This  was  the  first  admission  of  a  65  year  old,  white  female  who  was  admitted 
with  the  chief  complaints  of  abdominal  pain,  anorexia  and  a  weight  loss  of  20 
pounds.  The  pain  was  located  near  the  umbilicus.  Several  months  before  ad- 
mission, the  patient  began  to  have  black  stools  almost  daily.  Barium  meal 
examination  done  prior  to  admission  suggested  the  possibility  of  an  antral 
gastritis.  Physical  examination  and  laboratory  findings  were  not  contributory 
except  for  persistent  4  plus  stool  guaiac  and  hemoglobin  of  7  grams. 

Barium  meal  examination  demonstrated  no  abnormality  in  the  esophagus, 
stomach  or  duodenum.  Immediately  distal  to  the  duodeno-jejunal  angle,  two 
adjacent  segments  of  jejunum  were  markedly  narrowed  although  the  mucosal 
pattern  appeared  to  be  intact.  Evidence  of  a  mass  in  the  same  area  was  indicated 
by  the  fact  that,  with  the  patient  prone,  a  pad-like  defect  was  present  on  the 
body  of  the  stomach  anterior  to  the  spine.  There  tvas  no  delay  to  the  passage  of 
barium  through  the  duodenum  or  jejunum.  The  roentgen  impression  was  that  of 
an  infiltrating  neoplasm,  not  primary  in  the  small  bowel,  but  due  either  to  a 
metastatic  carcinoma  or  carcinoma  of  the  pancreas. 

On  exploration,  an  infiltrating  tumor  was  found  involving  the  lower  portion 
of  the  body  of  the  pancreas  and  extending  into  the  base  of  the  mesentery  as  well 
as  the  adjacent  portion  of  the  jejunum,  located  about  2  inches  distal  to  the 
ligament  of  Treitz.  Many  retroperitoneal  nodes  were  present  around  the  origin 
of  the  superior  mesenteric  vessels.  Frozen  section  was  reported  as  infiltrating 
adenocarcinoma. 

Final  Diagnosis:  Carcinoma  of  the  body  of  the  pancreas  infiltrating 
TWO  loops  of  proximal  jejunum. 

CASE  NO.  51 

Barium  meal  examination  on  a  40  year  old  female  (Fig.  1  A)  showed  no  evidence 
of  an  intrinsic  lesion  in  the  stomach  and  barium  went  through  the  duodenum  into 
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Case  50.  Fig.  1 .  P-A,  prone;  film  from  G.  I.  series.  Two  segments  of  jejunum  in  ad- 
jacent loops  immediately  distal  to  the  ligament  of  Treitz  are  markedly  narrowed.  The 
mucosal  pattern  does  not  appear  to  be  destroyed.  There  is  evidence  of  a  mass  sur- 
rounding this  region  as  indicated  by  pressure  on  the  body  of  the  stomach  in  front  of  the 
spine  ("pad  sign"  ). 

the  jejunum  without  difficulty.  However,  a  pecuUar  distortion  of  the  fold  pattern 
apparently  a.ssociated  with  a  fillinjj;  defect  was  noted  in  the  last  portion  of  the 
duodenum  immediately  proximal  to  the  duodeno-jejunal  flexure.  The  patient 
was  re-examined  and  spot  films  of  this  area  (Fig.  IB)  confirmed  the  presence 
of  an  eccentric  defect  with  the  superior  margin  flattened,  rigid  and  the  folds 
obliterated  over  about  of  the  diameter  of  the  lumen.  The  fixed  irregular  con- 
tour and  the  efTacement,  if  not  destruction,  of  the  fold  pattern  as  well  as  the 
discrete  nature  of  the  lesion  indicated  that  it  was  neoplastic.  From  the  roentgen 
point  of  view,  however,  it  could  not  be  determined  whether  this  was  a  primary 
le.sion,  or  the  result  of  direct  extension  from  a  carcinoma  of  the  pancreas,  or  of 
metastatic  nature. 
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Case  51,  Fig.  lA.  Barium  meal  shows  a  peculiar  localized  distortion  of  the  fold 
pattern  surrounded  by  an  arcuate  streak  of  barium  'arrowi  immediately  proximal  to 
the  duodeno-jejunal  flexure. 

Thi.s  patient  was  admitted  because  of  weakness  of  5  months  duration  and 
marked  anemia.  One  year  prior  to  admission,  the  patient  had  undergone  a 
hysterectomy  and  salpingo-oophorectomy  for  an  endometrial  carcinoma  which 
had  been  followed  by  radiotherapy  to  the  pelvis.  On  admission,  the  hemoglobin 
was  5.4  grams.  The  only  other  positive  finding  was  persistently  positive  guaiac 
stools.  Except  for  the  lesion  described  above,  no  other  abnormality  was  noted  in 
the  gastrointestinal  tract. 

At  exploratory  laparotomy,  a  large  tumor  was  found  in  the  region  of  the 
duodeno-jejunal  flexure  which  had  produced  an  ulceration  about  \}y'2  inches  in 
diameter  in  the  posterior  wall  of  the  duodenum.  The  tumor  had  extended  beyond 
the  wall  of  the  duodenum  and  was  fixed  to  the  lumbar  spine  and  the  left  side 
of  the  aorta.  A  portion  of  the  tumor  including  adjacent  small  bowel  was  resected 
and  a  duodenojejunostomy  performed  as  a  palliative  procedure.  The  pathology 
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Case  51,  Fig.  IB.  On  re-examination,  a  spot  view  of  the  same  area  demonstrates 
eflFocement  of  the  mucosal  pattern  and  a  rigid,  irregular,  flat  border  superiorly  (arrow). 
These  findings  are  indicative  of  neoplastic  invasion. 

report  was  that  of  an  infiltrating  adenocarcinoma  similar  in  histology  to  the 
original  endometrial  carcinoma. 

Final  Diagnosis:  Metastatic  exdometkial  caucixo.ma  to  the  nroDENO- 

JEJUXAL  FLE.XL'UE. 

CASE  NO.  52 

This  was  the  first  admission  of  a  40  year  old  white  male  with  a  two  year  history 
of  abdominal  pain,  at  first  intermittent  but  rather  constant  during  the  7  months 
prior  to  admission.  The  pain  was  tiescribed  as  burning  in  character  and 
apparently  had  responded  to  symptomatic  therapy  on  several  occasions.  On 
two  occasions,  bariiun  meal  examinations  had  been  performed  and  were  said 
to  have  been  negative.  The  patient  had  lost  40  pounds  in  a  period  of  about  G 
months  and  his  hemoglobin  was  reduced  to  about  8  grams.  On  physical  examina- 
tion, there  was  a  cjuestion  of  a  mass  in  the  upper  abdomen  to  the  left  of  the 
umbilicus. 

A  barium  meal  examination  immediately  prior  to  admis.sion  demonstrated  a 
lesion  of  the  upper  jejunum.  This  was  repeated  (Fig.  1)  and  demonstrated  an 
irregularly  ulcerated  mass  in  the  jejunum  with  soft  tissue  extension  beyond  the 
bowel  displacing  the  adjacent  loops  of  ileum.  There  was  no  evidence  of  obstruc- 
tion to  the  passage  of  barium. 

At  exploratory  laparotomy,  a  large,  obviously  malignant  neoplasm  of  the 
jejunum  was  resected.  The  report  from  the  Pathology  Department  was  "a  large 


476  RADIOLOGICAL  NOTES 


Case  52,  Fig.  1.  Irregularly  ulcerated  mass  in  the  proximal  jejunum.  The  mucosa  is 
destroyed.  Surrounding  the  central  ulceration,  there  is  a  globular  soft  tissue  mass  which 
displaces  the  adjacent  loops  of  bowel.  There  was  no  obstruction  to  the  passage  of 
barium. 

infiltrating  adenocarcinoma  of  the  small  bowel  without  involved  h-mph  nodes. 
The  po.ssibility  of  metastatic  carcinoma  cannot  bfe  ruled  out". 

Twenty-two  months  after  operation,  this  patient  returned  to  the  hospital 
with  a  carcinoma  of  the  rectum.  This  appeared  to  confirm  the  suspicion  of  the 
Pathologist  that  the  original  jejunal  lesion  was  metastatic. 

The  case  is  pre.sented  to  emphasize  (a)  the  difficulty  in  the  detection  of  lesions 
of  the  small  bowel  and  (b)  the  difficulty  in  differentiating  primary  from  meta- 
static carcinoma  to  the  small  bowel,  particularly  the  jejunum. 

Final  Diagnosis:  Large  ulcerating  adexocarcixoma  of  the  jejunum — 

PRIMARY    OR  metastatic? 

CASE  XO.  .53 

Barium  enema  examination  was  requested  on  a  67  year  old  white  female  who 
had  suffered  from  chronic  ulcerative  colitis  for  many  years.  Multiple  operative 
procedures  including  finally  a  resection  of  the  right  side  of  the  colon  and  terminal 
ileum  with  ileosigmoidostomy  had  been  performed.  She  had  been  relatively  well 
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Case  53,  Fig.  lA.  The  rectum  extends  upward  and  towards  the  right  from  the  tip 
of  the  enema  tube.  Over  a  distance  of  about  3  inches,  there  is  marked  narrowing  with 
an  effaced  mucosal  pattern.  The  margins  of  this  segment  appear  sharp  and  quite 
straight.  The  colon  proximal  to  the  rectum  is  unusually  distensible  and  contains  inspis- 
sated fecal  material.  A  small  amount  of  barium  entered  the  anastomotic  loop  of  ileum 
(arrow)  which  is  narrowed  or  compressed  on  its  right  aspect. 

for  several  years  but  two  years  prior  1o  admission,  diarrhea  liad  recurred  and  she 
began  to  complain  of  reetal  pain.  She  developed  a  rectovaginal  fistula  and  became 
progressively  emaciated. 

Barium  enema  was  done  with  considerable  difficulty  because  of  inability  of  the 
patient  to  retain  barium  but  it  was  possible  to  demonstrate  a  long,  rather  smooth, 
completely  strictured  rectum.  The  bowel  proximal  to  the  stricture  was  dilated 
and  contained  inspissated  stool;  barium  entered  the  anastomatic  loop  of  ileum 
which  also  appeared  eccentrically  narrowed.  At  sigmoido.scopy,  the  rectum  was 
marl<(>dly  stenotic  and  .said  to  be  "typical  of  chronic  ulcerative  colitis".  Biop.sy 
was  taken  o  inches  from  the  anus  and  was  reported,  surpiisingly,  as  adeno- 
carcinoma. 

At  operation,  metastatic  implants  were  found  in  the  abdomen.  A  palliative 
ileostomy-  was  performed  and  the  patient  improved  considerably. 
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Case  53,  Fig.  1  B.  Spot  film  of  the  rectum  shows  very  marked  narrowing  with  funneling 
toward  the  distended  colon  proximally.  There  is  a  suggestion  of  a  mass  behind  the 
rectum  displacing  it  forward  in  a  convex  fashion.  The  funneling  is  not  smoothly  tapering 
— there  is  an  abrupt  reversal  of  the  curvatures  (arrow)  at  the  junction  of  the  lesion  with 
normal  bowel  ("point  of  inflexion").  A  point  of  inflexion  of  this  type  is  characteristic  of  a 
neoplasm  with  marked  thickening  of  the  wall — a  subtle  variety  of  "overhanging  edge." 

This  patient  in  presented  to  emphasize  (a)  the  delay  which  often  occurs  in  the 
recognition  of  a  carcinoma  of  the  colon  in  a  patient  who  has  chronic  ulcerative 
colitis  and  (b)  the  fact  that  on  roentgen  examination,  differential  diagnosis  from 
a  stricture  of  benign  or  inflammatory  character  is  difficult.  It  is  also  of  interest 
that  the  correct  diagnosis  was  not  made  at  sigmoidoscopy  confirming  the  spread- 
ing intramural  type  of  growth  so  common  in  these  cases. 

Final  Diagnosis:  Diffuse  spreading  caiicinoma  of  the  rectum  in  a  patient 
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A  ."U  year  old  wliito  marriod  female  eoinniercial  artist  was  admitted  to  The 
Mount  Sinai  Hospital  on  October  28,  1957  with  shortness  of  breath,  fever  and  a 
cough. 

In  19o2,  during  a  routine  examination,  a  pulmonic  diastolic  murmur  was 
heard.  Fluoroscopy  re\-ealed  a  large  pulmonarj^  artery.  While  in  Colorado  a  year 
hiter,  the  patient  first  noted  .shortne.ss  of  breath  and  palpitations.  At  that  time  a 
left  vocal  cord  paralysis  was  discovered.  During  the  next  year,  the  patient  did 
well  and  underwent  a  tonsillectomy  for  recurrent  tonsillitis.  Two  years  prior  to 
admission,  her  shortne.ss  of  breath  gradually  increased.  She  coughed  persistently 
and  on  one  occasion  coughed  up  about  an  ounce  of  bright  red  blood.  Later  that 
year  her  liver  and  spleen  became  palpable  and  a  transient  homonymous  hemi- 
anopsia de\-eloped.  In  May  195(5,  spontaneous  ecchymo.ses  were  seen.  At  that 
time  a  platelet  count  was  normal  but  a  tourniquet  test  was  positive.  The  patient 
complained  of  chest  pain  and  ankle  edema  three  months  before  coming  to  the 
hospital.  The  diastolic  murmur  was  louder  and  an  apical  systolic  murmur  had 
appeared.  On  October  1,  1957  she  experienced  fever,  muscle  aches,  increasing 
dyspnea  and  ankle  edema.  She  had  a  positive  hepatojugular  reflux  and  was 
treated  with  penicillin,  ]\Iercuhydrin®  and,  for  the  first  time,  digitalis.  She  im- 
proved until  three  days  before  admission  when  she  again  noted  fever,  muscle 
pains,  cough  productive  of  yellow  and  bloody  sputum,  severe  shortness  of  breath 
and  weakness.  She  was  treated  with  penicillin,  streptomycin  and  mercurial  injec- 
tions without  improvement.  Throughout  this  febrile  illness,  examination  of  the 
lungs  was  normal. 

Familij  histori/:  In  1952  the  patient's  mother  was  admitted  to  The  Mount 
Sinai  Hospital  because  of  shortness  of  breath,  edema  and  abdominal  swelling. 
The  mother's  .symptoms  dated  back  four  years  when  she  first  experienced  short- 
ness of  breath  on  exertion.  These  symptoms  progressed  and  by  the  time  of  her 
admission  she  had  ana.sarca.  Six  paracente.ses  were  performed  during  the  months 
prior  to  her  admission.  Two  Papanicolaou  smears  of  the  ascitic  fluid  were  reported 
positive  for  malignant  cells  but  cell  blocks  were  repeatedly  negative.  On  admis- 
sion the  mother  had  di.stended  neck  veins  with  a  positive  hepatojugular  reflux 
and  systolic  pulsations  of  neck  veins  and  liver.  Her  heart  was  markedly  enlarged. 
P2  was  accentuated.  A2  and  Ml  were  normal.  Faint  systolic  murmurs  wer(> 
heard  over  the  pulmonic  and  aortic  areas.  The  abdomen  was  tense  with  a.scitic 
fluid.  After  paracentesis  the  liver  was  felt  a  handbreath  below  the  right  costal 
margin.  Xo  other  organs  or  masses  were  felt.  Peh'ic  examination  was  normal. 
The  significant  abnormal  laboratory  data  during  the  mother's  hospitalization 
were  as  follows:  A/G  ratio  3.0/3.5,  bilirubin  1.7  mg%,  urine  urobilinogen  1 :80, 
alkaline  phosphatase  32  KAl',  cephaUn  flocculation  24-,  prothrombin  time 
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17.5  13  seconds  (patient  'control),  thymol  turbidity  8.0  units,  BSP  43  per  cent, 
and  venous  pressure  240  mm  with  a  rise  over  the  top  of  the  manometer  with 
right  upper  quadrant  pressure.  Circulation  time  was  23  seconds  arm-to-tongue. 
Electrocardiogram  showed  right  ventricular  hypertrophy.  Chest  x-ray  revealed 
the  heart  to  be  considerably  enlarged  and  globular  with  a  prominent  pulmonary 
artery,  the  configuration  suggesting  the  possibilitj'  of  an  inter-atrial  septal  defect. 
Paracentesis  fluid  was  negative  for  tumor  cells.  The  mother  experienced  chest 
pain  and  hemoptj'sis,  leading  to  shock  and  death  five  days  after  admission. 

Physical  examination:  The  patient  was  a  well  developed,  well  nourished,  young 
white  female  in  acute  distress  owing  to  a  persistent  brassy  cough,  .shortness  of 
breath  and  orthopnea.  Temperature  103°;  pulse  104,  regular  but  weak;  respira- 
tions 32;  blood  pressure  85  70  in  both  arms.  Cyanosis  of  the  lips  and  nail  beds 
was  present.  The  head,  eyes,  ears,  nose  and  throat  were  normal.  The  neck  veins 
were  distended.  A  markedly  positive  hepatojugular  reflux  was  seen  with  .sy.stolic 
pulsations  of  the  neck  veins.  The  chest  wall  and  diaphragms  moved  well.  The 
lungs  were  clear  to  auscultation  and  percussion.  The  PMI  was  palpated  in  the 
fifth  intercostal  space  2  cm.  left  of  the  midclavicular  line.  A  forceful  .systolic  im- 
pulse was  felt  midway  between  the  apex  and  the  left  parasternal  border.  There 
was  a  gallop  rhj'thm.  P2  was  markedly  accentuated;  Ml  and  A2  were  normal. 
A  grade  III  blowing  apical  systolic  murmur,  a  grade  II  soft  prolonged  pulmonic 
diastolic  murmur,  and  a  grade  II  soft  pulmonic  systolic  murmur  were  heard. 
The  liver  was  felt  one  fingerbreadth  below  the  right  costal  margin.  All  peripheral 
pulses  were  palpable  and  no  edema  was  seen. 

Laboratory  data:  Hgb.  14.6  G.,  WBC  21,600,  segmented  neutrophils  57%, 
bands  16%,  lymphocytes  21  %,  monocytes  4%,  atypical  lymphocytes  2%,  BUX 
42  mg.  %,  blood  .sugar  95  mg.%,  A/G  ratio  3.2  3.4,  antistreptolysin-0  titer  166 
units.  Influenza  hemagglutination  titers  were  as  follows: 

Group  A       XY-3  (1953)  1:160 

Denver  (1957)  Xeg. 

MSH-1  (1957)  ,  1:160 

Far  East  (1957)  Xeg. 

R.E.  :\1SH  Xeg. 

Group  B       B-Gl  Xeg. 

Electrocardiogram  showed  marked  right  ventricular  hypertrophy.  X-ray  of  the 
chest  showed  an  increase  in  the  prominence  of  the  pulmonary  vessels.  At  the 
level  of  the  third  right  interspace,  there  was  a  band-like  density.  The  heart  was 
enlarged  with  rounding  of  the  ventricular  contour.  The  aortic  knob  was  small. 
The  right  atrium  seemed  prominent  as  in  an  interatrial  septal  defect. 

Course:  The  patient  was  treated  with  Chloromycetin",  streptomj-cin,  penicillin 
and  digoxin.  She  continued  febrile.  Her  re.spiratory  distress  and  cyanosis  increased 
and  she  ceased  breathing  48  hours  after  admission.* 

Dr.  Charles  Friedberg:  This  is  apparenth'  a  two-in-one  case.  The  major  prob" 

*  This  case  and  that  of  the  mother  will  be  published  in  greater  detail  by  Dr.  Joseph  Kuh. 
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Umu  is  coiu'ernerl  with  a  31  year  old  white  married  female  comniercial  artist  who 
was  admitted  with  cough,  shortness  of  l)reath  and  f(>ver.  The  date,  October  28, 
1957,  may  ha\e  some  hearing  because  of  the  prevalence  of  respiratory  diseases, 
especially  inlhiciiza. 

During  a  routine  examination  at  the  age  of  2(5,  a  pulmonic  diastolic  nuu'nuu' 
was  hearil  and  fluoroscopy  revealed  a  large  pulmonary  artery.  Some  findings 
have  a  bearing  out  of  proportion  to  anything  else  that  is  stated.  Such  a  finding 
is  the  on(>  about  a  pulmonic  diastolic  murmur,  which  may  imply  pulmonic  vaK  u- 
lar  insufficiency  in  the  sen.se  of  intrinsic  valvular  dis(>ase,  but  is  extremely  rare. 
As  a  rule,  this  finding  denotes  pulmonary  insufficiency  associated  with  pulmo- 
nary hypertension. 

We  then  have  to  determine  the  nature  of  tlie  puhnonary  hypeiteiision  and 
whether  it  is  primary,  or  secondary  to  congenital  heart  disease  witfi  left-to-right 
or  combined  shunts,  or  to  intrinsic  pulmonary  disea.se  .such  as  sarcoidosis  or  to 
pulmonary  vascular  disease. 

In  1953  a  left  vocal  cord  paralysis  was  noted.  While  that  can  be  due  to  a 
variety  of  eau.ses,  in  this  instance  where  we  already  have  reason  to  suspect  pul- 
monary hypertension,  we  have  to  assume  that  a  very  large  pulmonary  artery  is 
compressing  the  recurrent  laryngeal  nerve  supplying  the  left  vocal  cortl. 

She  noted  a  persistent  cough  and  on  one  occasion  coughed  up  about  an  ounce 
of  bright  red  blood.  In  the  ab.sence  of  anything  to  .sugge.st  a  febrile  infectious  dis- 
ease, this  could  possibly  denote  a  pulmonary  infarction  or  some  other  pulmonaiy 
vascular  obstructi\'e  lesion.  Recurrent  thrombosis  of  the  pulmonary  ves.sels  or 
recurrent  emliolism  also  may  be  responsible  f(M'  pulmonary  hypertension.  I"ur- 
thermbre,  thrombosis  indirectly  can  be  part  of  the  syndrome  of  pulmonary 
hypertension  and  narrowing  of  the  vessels. 

In  195()  spontaneous  ecchymoses  were  seen  and  one  asks  whether  that  denotes 
some  hematologic  di-sease  for  which  we  huve  no  additional  data.  Pulmonary 
hypertension  can  occur  as  a  result  of  thrombosis  due  to  schistosomiasis  in  the 
lungs.  We  have  no  e\-idence  that  this  was  seriously  entertained  or  investigated. 

Three  months  before  admission,  the  patient  complained  of  chest  pain  and  ankle 
edema.  Examination  revealed  that  the  diastolic  murmur  was  louder  and  an  apical 
systolic  murmur  had  appeared.  We  might  then  begin  to  wonder  whether  we  are 
now  dealing  with  heart  failure  with  a  functional  tricuspid  regurgitation  account- 
ing for  the  systolic  murmur. 

On  October  1,  1957  she  experienced  fever,  muscle  aches,  increasing  shortness 
of  breath  and  ankle  edema.  We  now  come  to  the  final  illness  of  a  few  weeks  be- 
fore her  admission  to  the  hospital.  She  was  treated  with  penicillin,  Mercuhydrin® 
and,  for  the  first  time,  digitalis;  in  other  words,  a  combination  of  drugs  for  infec- 
tion and  for  congestive  heart  failure. 

She  was  admitted  with  what  sounds  like  some  pulmonary  infection,  possibly 
pulmonary  infarction,  at  a  time  of  the  year  when  pneumonia  is  prevalent,  in 
addition  to  a  suggested  pulmonar\'  hypertension. 

The  family  history  is  of  interest.  W^e  have  a  story  that  the  mother  had  evidence 


482 


CLIXICO-PATHOLOGICAL  COXFEREXCE 


of  right  heart  failure  and  with  an  accentuated  P2,  perhaps  something  related  to 
the  type  of  disease  we  are  encountering  in  the  daughter. 

The  significant  abnormal  laboratory  data  during  the  mother's  hospitahzation 
were  hypoalbuminemia  and  moderate  hyperglobulinemia  with  reversal  of  the 
A/G  ratio,  elevation  of  serum  bilirubin  and  urinary  urobilinogen,  increased  alka- 
line phosphatase,  BSP  i-etention  and  an  elevated  venous  pressure  which  rose 
o^-er  the  top  of  the  manometer  with  right  upper  quadrant  pressure. 

All  this  evidence  of  right  heart  failure  and  abnormal  liver  findings  theoretically 
could  mean  intrinsic  hepatic  di-sease.  In  the  presence  of  advanced  right  heart 
failure,  there  is  no  reason  to  invoke  liver  disease  because  all  these  findings  could 
result  from  an  extremely  congested  liver  in  a  patient  who  has  sufficient  heart 
failure  to  cause  tricuspid  in.sufficiency. 

The  heart  was  described  as  considerably  enlarged  and  globular  with  a  promi- 
nent pulmonary  artery,  suggesting  the  possibility  of  an  interatrial  septal  defect. 

We  must  assume  that  this  is  only  a  suggestion  becau.se  the  configuration  of  the 
heart  associated  with  an  atrial  septal  defect  can  look  very  much  like  that  asso- 
ciated with  other  conditions.  The  point  of  interest  here  is  that  again  we  have  a 
picture  which  suggests  to  us  that  the  same  kind  of  pulmonary  hypertension  which 
we  are  predicating  in  the  daughter  was  present  in  the  mother. 

The  ascitic  fluid  was  negative  for  tumor  cells.  The  mother  experienced  chest 
pain  and  hemoptysis,  leading  to  shock  and  death  five  days  after  admission. 

I  am  not  clear  whether  shock  occurred  as  a  result  of  the  paracentesis,  in  which 
case  we  might  not  attach  any  specific  diagnostic  importance  to  it.  On  the  other 
hand,  sudden  death  as  a  result  of  very  minor  procedures  is  almo.st  characteristic 
of  primary  pulmonary  hypertension. 

The  patient,  the  31  year  old  daughter  we  started  with,  had  acute  distress  with 
a  persistent  brassy  cough,  shortness  of  breath  and  orthopnea,  and  not  only  a 
low  blood  pressure  but  a  low  pulse  pressure.  Whether  this  is  due  to  the  acute 
pulmonary  infection  or  whether  this  is  an  additional  evidence  of  the  type  of 
disease  we  are  postulating  in  the  pulmonary  artery  is  difficult  to  .say. 

There  was  cyanosis  of  the  lips  and  nail  beds.  Ordinarily  we  would  ha\'e  to  lay 
more  stress  on  the  significance  of  the  cyanosis  because  in  cases  with  intrinsic  or 
primary  pulmonary  hypertension,  if  cyanosis  occurs  at  all,  it  is  more  likely  to  be 
of  the  peripheral  type  due  to  the  diminished  blood  flow  and  tissue  anoxia,  and 
not  to  a  shunting  of  blood  as  occurs  in  congenital  heart  disease  with  .severe  pul- 
monary hypertension.  In  this  instance,  however,  the  clinical  history  strongly  sug- 
gests that  the  patient  may  have  had  pneumonia  and,  therefore,  mi\y  have  had 
some  cyanosis  of  the  lips  due  to  that  disease. 

The  positive  hepatojugular  reflux  with  .s3^stolic  pulsation  of  the  neck  veins 
indicates  tricuspid  regurgitation  due  to  right-sided  heart  failure,  and  such  pulsa- 
tions may  occur  in  cases  of  pulmonary  hypertension. 

The  fact  that  the  lungs  were  clear  to  auscultation  and  percussion  is  quite  a 
surprise  in  the  light  of  the  rest  of  the  story  because,  on  the  basis  of  her  cough 
and  expectoration  of  bloody  sputum  and  a  fever,  one  would  ordinarilj^  think 
that  at  this  time  of  the  year  the  patient  had  some  respiratory  infection  and,  more 
specifically,  pneumonia. 
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If  these  findiii>j;s  ;ire  correct,  she  probably  had  a  lesion  which  was  chiefly  or 
exclusively  interst  it  ial,  and  jKM-haps  this  accounts  for  the  al)s(Mice  of  more  findings. 

The  forceful  systolic  impulse  midway  between  the  apex  and  the  left  parasternal 
border  also  suggests  an  increase  in  the  size  and  pulsation  of  the  right  ventricle, 
a  finding  associated  commonly  with  pulmonary  hypertension.  The  gallop  ihythm 
is  not  specific  but  may  very  well  indicate  failure  of  the  right  ventricle,  a  finding 
encountered  frequently  in  cases  of  primary  pulmonary  hypertension. 

The  white  blood  count  was  21, (KK).  At  this  time  of  the  year,  with  influenza 
prevalent.  I  would  have  predicated  that  she  had  a  \  iral  pneumonia,  which  usually 
we  expect  to  be  a.ssociated  with  a  normal  or  a  low  white  count.  This  high  white 
count  makes  us  wonder  whether  this  is  just  an  cxc(>ptional  finding  or  whether 
some  complication  exists  such  as  a  secondary  staphylococcus  or  streptococcus 
infection. 

The  electrocardiogram  showed  marked  right  ventricular  hypertrophy  with  the 
sharp  peaked  P  waves,  so-called  pulmonary  P  waves,  which  are  connnonly  found 
in  cases  of  right  ventricular  hypertrophy  and  congenital  heart  disease.  Lead  Vj 
shows  a  very  prominent  K,  also  indicative  of  a  right  \  entricular  hypertrophy. 

The  .suggestion  has  been  made,  at  lea.st  with  the  mother  and  jierhaps  also  in 
this  patient,  that  the  x-ray  film  suggested  the  presence  of  an  interatrial  .septal 
defect.  The  electrocardiogram  associated  with  this  condition  is  characterized  by 
a  pattern  that  looks  like  an  incomplete  right  bundle  branch  block,  that  is,  with 
an  RSR'  pattern,  which  is  ab.^^ent  in  this  case. 

X-ray  films  of  the  chest  showed  an  increase  in  the  prominence  of  the  pulmonary 
ves.sels.  At  the  level  of  the  third  right  interspace,  there  was  a  band-like  density. 

Dr.  Rabin  will  say  a  word  about  it. 

Dr.  Coleman  Rabin:  In  the  axillary  region  there  is  a  triangular  density  which 
seems  to  occup\'  a  small  part  of  the  lateral  part  of  the  anterior  segment  of  the 
right  upper  lobe. 

The  heart  is  enlarged  with  rounding  of  the  ventricular  contour.  ^lost  striking 
is  a  prominence  of  the  left  pulmonary  artery.  There  is  apparently  an  increase  in 
the  vascular  markings  that  extends  almost  to  the  periphery.  Mo-st  of  this  is 
probably  due  to  venous  congestion.  The  periphery  of  the  lung  is  not  highly 
vascular  as  one  might  expect  in  instances  of  interatrial  or  interventricular  septal 
defect.  The  aortic  knob  is  small.  The  right  atrium  seems  prominent. 

Dr.  Friedberg:  In  summary,  the  case  is  that  of  a  young  woman  in  her  20's  and 
early  30's  with  pulmonary  hypertension  of  a  severe  degree.  That  this  pulmonary 
hypertension  is  not  secondary  to  some  other  cause  seems  apparent  from  the 
absence  of  other  findings.  Interatrial  or  interventricular  septal  defects,  which 
might  give  this  type  of  x-ray  finding,  may  be  associated  with  concommitant 
pulmonary  hj'pertension,  do  not  seem  to  be  likely  here  because  of  the  other 
physical  findings.  I-'or  example,  we  might  have  expected  that  long  before  there 
was  a  pulmonary  diastolic  murmur,  she  would  have  a  murmur  suggesting  a 
ventricailar  septal  defect.  It  was  not  heard  early  or  late  although  before  death 
additional  murmurs  had  appeared.  Some  of  the  evidence  indicating  that  this  was 
probably  not  an  interatrial  septal  defect  was  discussed.  There  was  no  murmur 
to  .sugge.st  a  patent  ductus  although,  at  the  stage  in  which  the  shunt  is  reversed, 
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the  murmur  may  be  atypical.  Nothing  is  present  to  suggest  that  this  patient  had 
sarcoidosis,  nor  is  there  anything  to  indicate  a  long  history  of  intrinsic  pulmonary 
disease.  On  the  other  hand,  we  do  have  a  woman  in  the  age  group  in  which  this 
disease  is  most  common,  with  a  history  that  is  very  suggestive  of  primary  pul- 
monary hyperten.sion. 

We  do  not  have  a  story  to  suggest  primary  embolic  disease  which  then  pro- 
duces pulmonary  hypertension.  Perhaps  manj^  of  the  cases  we  call  primary  pul- 
monary hj^pertension  are  of  this  kind. 

Xow,  for  the  more  immediate  history,  I  think  that  some  kind  of  a  viral  pneu- 
monia with  perhaps  secondary  infection  to  account  for  the  marked  leukocytosis 
was  present,  despite  the  absence  of  pulmonary  findings  on  physical  examination. 
Interstitial  pneumonitis  is  a  possibility,  but  that  is  not  what  the  x-ray  film 
denotes. 

Before  we  go  on  with  the  pathology,  would  you  say  a  word,  Dr.  Aronson, 
about  the  findmgs  on  bacteriological  or  immunological  examination? 

Dr.  Betty  Aronson:  This  patient  had  a  hemagglutination-inhibiting  antibody 
titer  of  1:160  against  the  Xew  York  3  and  the  Blount  Sinai  1  strains  of  Influ- 
enza A.  These  are  strains  which  have  been  present  in  the  population  since  1953, 
and  approximately  65  per  cent  of  the  adults  who  have  been  tested  during  the 
current  epidemic  have  antibody  titers  against  these  particular  .strains.  Therefore, 
she  is  entitled,  on  the  basis  of  her  age  and  length  of  residence  in  this  area,  to 
have  antibodies  agaiast  the  Xew  York  3  .strain. 

We  also  received  a  fairly  fresh  lung  specimen  from  this  patient  and  we  failed 
to  isolate  influenza  from  her  lung.  All  the  evidence  .seems  to  indicate  that,  within 
24  hours  after  death  due  to  influenzal  pneumonia,  the  chances  of  recovering  the 
virus  from  lung  is  \-ery  high,  and  this  Avas,  I  believe,  a  10-hour  post  mortem  speci- 
men. I  must  add  that  her  lung  suspension  appears  to  be  pathogenic  in  tissue 
culture  and  we  have  not  yet  been  able  to  identify  the  source  of  this  cytopathic 
tendency.  It  is  non-bacterial.  Even  if  we  isolate  a  virus  that  can  be  identified, 
whether  that  has  any  etiological  relationship  to  the  disease,  I  cannot  say. 

Dr.  Frieflberg:  Does  the  1 : 160  antibody  titer  with  Xew  York  3  and  Mount 
Sinai  influenza  strains  mean  that  there  was  infection  with  these  viruses? 

Dr.  Aronson:  Yes.  The  patient  at  some  time  in  the  pa.st  four  years  had  experi- 
ence with  these  strains. 

Dr.  Friedberg:  Do  you  find  these  increased  antibodies  in  many  cases? 

Dr.  Aronson:  Yes.  About  65  per  cent  of  adults  have  demonstrable  antibody 
titers. 

Dr.  Friedberg:  Dr.  Rabin,  did  this  patient  have  pneumonia  on  the  8th  day? 

Dr.  Rabin:  In  the  x-ray  film  made  at  that  time,  the  heart  was  seen  to  be  en- 
larged to  the  left,  but  much  of  this  is  caused  by  the  right  ventricle.  The  pul- 
monary artery  is  large  and  some  branches  are  still  large,  but  toward  the  periph- 
ery there  are  no  large  pulmonary  branches.  On  the  left  side,  except  for  the  main 
artery,  all  other  vessels  are  small.  This  is  what  Is  seen  in  patients  who  have  hy- 
pertension of  the  pulmonary  circuit  and  who  have  diminished  blood  flow  through 
the  lungs. 
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The  remainder  of  the  picture,  as  tar  as  the  vessels  themselves  near  the  root 
are  coiU'crned,  is  identical  with  that  which  you  will  find  in  interatrial  septal 
defect. 

The  triangular  lesion  in  the  ri<>;ht  upper  l()l)e  is  largely  due  to  atelectasis  with 
perhaps  some  consolidation  of  the  lung.  This  indicates  that  the  patient  had  a 
bronchopulmonary  infection. 

Dr.  Richard  Bader:  I  think  that  this  patient  had  j^ulmonary  hypertension,  the 
cause  of  which  is  unknown.  The  cyanosis  can  be  explained  on  one  of  two  bases, 
first,  on  a  peripheral  basis,  and,  .secondly,  and  only  theoretically,  because  of  the 
right-sided  h_vpertension,  on  a  right-to-left  shunt.  Patients  can  experience  chest 
pain  with  enlargement  of  the  pulmonary  arteries,  as  occurs  in  pulmonary  emphj'^- 
sema,  asthma,  and  any  congenital  lesion  which  enlarges  the  pulmonary  artery. 

Dr.  Hans  Popper:  At  the  autopsy  we  are  interested  first  to  examine  the  skele- 
tal mu.scles  to  see  if  vascular  changes  could  be  demonstrated,  and  the  vessels  in 
the  skeletal  muscles  were  entirely  normal.  We  saw  no  significant  change  in  the 
bone  marrow. 

To  paint  the  background  for  the  actual  disease  which  we  are  discussing,  we 
turn  first  to  the  abdominal  organs.  In  the  colon  an  extensi\'e  circumscribed  hemor- 
rhage was  seen  which  may  or  may  not  have  been  the  re.sult  of  congestion  or  some 
manifestation  of  shock. 

Grossly,  the  kidney  appeared  entirely  normal  except  for  severe  passive  con- 
gestion. The  vessels  in  the  medullar}^  portion  showed  acute  congestion.  The 
spleen  was  enlarged  to  more  than  200  gms.  with  congestion  and  slight  degenera- 
tive vasrular  changes. 

The  liver  was  moderatelj^  enlarged  to  almost  IGOO  gms.  On  the  surface,  con- 
gestion was  seen  which  w-as  not  severe.  The  lobular  architecture  in  general  was 
still  well  preserved.  Liver  cells  had  disappeared  around  the  central  vein  because 
of  marked  passive  congestion  but  in  the  portal  areas  not  too  much  congestion 
was  present. 

Death  occurred  from  cardiac  failure  with  acute  and  not  yet  chronic  congestion. 
The  heart  weighed  420  gms.  It  had  a  globular  appearance  with  a  soldier's  patch 
anteriorly.  In  the  left  heart  some  blunting  of  the  apex  was  noted  but  the  valves 
appeared  entirely  normal.  Xo  septal  defect  was  found  and  the  aorta  contained 
no  arteriosclerosis.  In  the  myocardium  there  was  some  circumscribed  or  inter- 
stitial fibrosis.  The  right  heart  was  markedly  enlarged,  thick  walled  and  dilated. 
The  heart  muscle  was  of  extreme  thickness  with  flattening  of  the  papillary  muscle. 
Histologically,  leukocytic  infiltration  was  .seen  and  a  few  cells  accumulated  in 
the  vessels  and  were  in  the  process  of  escaping  from  it.  This  is  called  a  nonspecific 
type  of  an  interstitial  myocarditis  in  a  hypertrophic  heart.  The  right  atrium  was 
tremendously  dilated.  The  auricular  appendage  was  large  and  the  tricuspid  valve 
incompetent.  The  right  and  the  left  ventricles  were  almost  equal  in  thickness. 
The  pulmonary  artery  was  dilated  and  revealed  arteriosclerosis.  On  .section  it 
was  very  fatt^^  with  excessive  fibrosis,  narrowing  of  the  muscular  layer  and  some 
disappearance  of  elastic  fibers,  and  appeared  as  though  it  were  taken  from  an 
arteriosclerotic  aorta. 
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Fig.  1.  Nodules  in  the  lung  parenchyma  produced  by  arteritis  (8X — chromotrope  aniline 
blue  stain). 

The  lung  showed  few  change.s  grossly.  The  pleura  was  normal.  Some  emphy- 
sema was  seen  in  the  periphery.  The  tracheobronchial  lymph  nodes  were  some- 
what enlarged.  Some  fat  was  apparently  depo.sited  within,  having  been  drained 
from  something  which  had  broken  down.  On  cut  section  of  the  lung,  distinct 
nodularity  was  seen  (Fig.  1).  The  nodules  varied  in  size  and  we  suspected  that 
most  of  the  nodules  were  related  to  vessels.  In  the  left  upper  lobe,  two  old  and 
probably  tuberculous  .scars  were  found.  The  lesions  in  which  we  were  most  inter- 
ested were  the  vascular  ones.  The  round  nodules  were  extremely  thick,  muscular 
pulmonary  arteries.  Smaller  arteries,  but  .still  muscular,  were  completelv  fibrosed 
(Fig.  2). 

Some  arteries  showed  intraluminar  proliferation  with  distinct  inflammation,  a 
severe  arteritis  (Fig.  3).  In  any  other  organ  this  would  be  called  a  polyarteritis 
nodosa.  However,  the  only  organ  in  which  periarteritic  changes  were  found  was 
the  lung  and,  therefore,  this  is  pulmonary  polyarteritis. 

The  arterial  muscle  fibers  were  disintegrated.  The  whole  wall  of  the  pulmonary 
arterial  branch  in  some  areas  had  fallen  to  pieces.  Around  these  arteries  were 
edema  and  cellular  infiltration.  The  inflammation  and  fibrosis  extended  outward 
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Fig.  2.  Fihrotic  occlusion  of  small  pulmonary  arteries  with  surrovuiding  emph3'sema 
(60X— H  &  E). 

from  the  arteries  into  the  interalveohir  spaces.  Such  a  pulmonary  polyarteritis  is 
a  counterpart  of  polyarteritis  in  other  organs  not  only  in  its  similar  histologic 
appearance  but  possibly  also  etiologically.  We  know  that  some  instances  of  poly- 
arteritis are  unquestionably  hyperergic,  but  in  these  instances  there  is  involve- 
ment of  the  peripheral  arteries  and  veins  (1).  We  separate  this  hypersensitivity 
angiitis  in  the  periphery  from  the  real  periarteritis  or  polyarteritis  nodosa,  which 
we  now  assume  is  not  the  result  of  hypersensitive  reaction  but  something  else. 
Some  polyarteritis  in  the  periphery'  is  doubtlessly  the  result  of  increased  systemic 
arterial  hypertension. 

We  may  have  the  same  situation  in  the  pulmonary  circulation.  In  proven 
increa.sed  pulmonary  hypertension,  as  in  a  mitral  stenosis  or  secondary  pulmo- 
nary hypertension,  this  picture  can  be  produced  (1,  2).  In  this  case  we  have  a 
primary  pulmonary  hypertension  because  we  were  unable  to  find  any  changes  in 
the  heart  to  explain  it,  and  it,  therefore,  must  originate  in  the  lungs. 

In  a  later  stage  of  the  lesion,  near  a  bronchial  artery,  many  vessels  were  seen 
between  the  pulmonary  arteries  and  the  bronchial  arteries.  These  vessels  came 
partly  from  granulation  tissue  and  were  probably  not  newly  formed  around  the 
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Fig.  3.  Acute  pulmonary  arteritis  Miuilar  to  ijeriplici  al  pulv  ai  iti  n  with  periarterial 
inflammation  (160X — H  &  E). 

artery  but  were  dilated  bronchial  artery  branches  (3,  4).  Therefore,  part  of  the 
inflammation  became  a  collateral  or  compensatory  hyperemia  of  bronchial  vas- 
cular origin. 

In  the  branches  of  the  original  pulmonarj^  artery,  these  vessels  were  markedly 
proliferated  and  they  have  been  described  under  the  name  of  plexiform  capil- 
laries with  glomiis-like  formation  because  they  resemble  the  glomus  in  the 
periphery  (4,  oj. 

In  summary,  the  following  changes  were  present  in  the  vascular  system:  an 
arteritis  in  the  pulmonary  arterial  branches,  dilatation  of  pulmonary  veins,  dila- 
tation of  the  bronchial  arterial  branches,  and  cl^anges  in  the  bronchial  artery 
vascularization. 

In  the  polyarteritic  granulation  tissues,  new  vessels  from  the  bronchial  artery 
grew  around  and  into  pulmonary  vessels,  and  capillaries  connected  with  the 
pulmonary  artery.  The  extensive  arterial  anastomoses  may  ha\  e  been  the  result 
rather  than  the  cause  of  pulmonary  hypertension  (3,  5). 

In  the  literature,  some  claim  that  the  anastomoses  are  arteriovenous  (6)  while 
others  state  that  they  are  between  the  pulmonary  and  bronchial  arteries  (3,  4,  5) . 
The  multitude  of  vascular  anastomoses  partly  obstructs  the  blood  flow  and  partly 
leads  to  shunts  within  these  vessels.  As  the  process  becomes  clear,  severe  fibrosis 
of  vessels  develop  which  makes  the  pulmonary  hypertension  permanent.  The 
arterial  elasticity  is  destroyed.  In  the  presence  of  this  pulmonary  hypertension, 
arteriosclerosis  in  the  middle-sized  pulmonary  branches  and  even  in  the  larger 
pulmonary  branches  is  secondary  to  the  increased  pressure. 

As  to  the  cause  of  death,  in  the  base  of  the  right  upper  lobe  there  were 
yellow  areas  of  consolidation.  Some  central  necrosis  was  found  in  the  consoli- 
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dated  amis.  Tlie  arteritis  extended  into  the  inllannnatory  c'han<>(>s  wliicli  occur 
in  the  alveolar  system  around  tiie  artery,  and  a  chronic  non-r(>s()l\in<Ji  type  of 
pneumonia  had  developed,  althouf!;h  whetluM-  this  came  from  the  arteritis  is 
uncertain.  In  addition  to  hein<>;  non-resolvinfj;,  the  pneumonia  was  also  (il)rosin<i. 
In  some  areas  the  non-resolvinj;'  pneumonia  l)roke  down  and  abscesses  formed, 
especially  the  small  pneumonic  foci  which  form  close  to  the  arteritis.  In  view  of 
the  diminished  or  absence  of  a  defense  mechanism,  breakdown  was  probably  due 
to  infection  with  .some  pyogenic  organism. 

At  this  point  we  would  like  to  lea\'e  this  case.  We  had  the  somewhat  unusual 
opportunity  to  have  the  autopsy  material  of  the  mother  and,  just  as  Dr.  Fried- 
berg  said,  we  have  two  ca.ses  in  one.  The  mother,  5(>  years  of  age  at  her  death, 
had  e.xactly  the  same  history  although  the  pulmonary  hypertension  lasted  five 
years. 

The  lung  grossly  looked  almost  the  same  as  the  daughter's  lung.  Pulmonary 
arterial  dilatation  and  pulmonary  arterial  sclerosis  were  present.  Similar  vascular 
changes  and  fibrosis  were  seen  except  that  they  were  somewhat  older  (Fig.  4). 
F^ven  very  small  \-e.s.sels  were  involved  in  the  fibrotic  change  but  acute  arteritic 
changes  were  missing.  In  this  ca.se,  much  nicer  glomus-like  formation  was  found 
(Fig.  5).  Arteries  have  apparently  become  recanalized  and  led  to  the  communi- 
cating shunts. 

The  hepatic  changes  were  far  more  advanced.  The  sick  daughter  apparently 
died  in  a  much  more  acute  stage,  probably  from  the  arteritis  associated  with 
pneumonia  and  the  circumscribed  lung  abscess.  The  mother  lived  long  enough 
to  die  from  cardiac  failure,  and  the  liver  then  was  already  transformed  into 
cardiac  cirrhosis  (Fig.  6). 

In  summary,  this  was  primary  pulmonary  hypertension  with  idiopathic 
arteritis  and  not  pulmonary  pressure  arteritis.  Arterial  spasm  resulted  in  the 
pulmonarj'^  hypertension.  The  pulmonary  arteritis  developed  and  led  to  vasculari- 
zation and,  since  there  was  obstruction,  bronchial  arterial  compensatory  hyper- 
emia resulted.  I-'rom  this  and  the  surrounding  arteritis,  anastomoses  developed 
connecting  the  bronchia!  arteries  with  the  pulmonary  artery  and  pulmonary 
vein.  The  pulmonarj-  pressure  rose  and  a  vicious  cycle  started  which  led  to 
pulmonary  arteriosclerosis. 

The  fact  that  the  mother  lived  to  be  somewhat  older  than  the  daughter,  but 
died  with  a  similar  picture,  suggests  a  hereditary  fa(;tor  as  in  essential  arterial 
hypertension  of  the  peripher3^ 

The  primary  reasons  for  presenting  the  case  were  not  only  the  arterial  changes 
but  also  the  rather  unusual  featiu-e  that  mother  and  daughter  died  from  exactly 
the  same  disease,  primary  pulmonary  hypertension. 

Dr.  Joseph  Kuh:  The  etiology  of  primary  pulmonary  hypertension  has  been 
said  to  be  simply  a  congenital  communication  between  the  bronchial  arteries  and 
the  pulmonary  arteries;  and  I  think  this  case  points  that  out  very  nicely. 

It  would  be  very  hard  to  postulate  an  arteritis  as  the  reason  for  having  com- 
munications between  the  bronchial  arteries  and  the  pulmonary  arteries.  You  do 
not  see  the.se  shunts  so  frequently  in  typical  polyarteritis,  and  there  would  be  no 
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Fig.  4.  Fibrous  thickening  and  occlusion  of  pulnionai  \-  ai  leries  in  the  lung  of  the  mother 
(160X— H  &  E).  . 


Fig.  5.  Plexiform  capillain  -  m  ^Iduhi-  like  ai  i aiijicun m  uci  hidiug  the  tui  kiiig  of  a 
pulmonary  arterial  Ijranch  (GUX — H  &  E). 
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Fig.  6.  Severe  passive  congestion  in  the  liver  with  lieginniiig  formation  of  regenerative 
nodules  and  septa  connecting  the  portal  tracts  and  central  veins  (160X — Masson  trichrome 
stain). 

reason  to  expect  them  to  de^-elop.  However,  if  you  started  with  communication 
between  the  bronchial  arteries  and  the  puhnoiiary  ve.ssels,  then  you  could  get  a 
picture  that  would  explain  all  the  autopsy  findings  in  these  two  cases.  It  certainly 
would  explain  the  findings  in  the  case  of  the  mother,  and  the  only  thing  that  it 
might  not  explain  to  Dr.  Popper's  pleasure  perhaps,  is  the  apparent  periarterial 
inflammatory  reaction  in  this  case. 

I  can  only  say  that  clinically  we  were  without  hesitation  in  making  a  diagnosis 
of  an  influenzal  process,  and  I  think  that  this  might  explain  the  presence  of  the 
inflammatory  reaction  in  the  septa  and  about  the  bronchi  and  bronchial  arteries. 

I  would  like  to  suggest  that  the  periarteritis  is  secondary,  or  else  is  an  inflam- 
matory process  due  to  the  infection,  and  it  is  not  a  real  so-called  primary  poly- 
arteritis nodosa.  It  has  none  of  the  other  characteristics  of  peripheral  polyarter- 
itis, and  it  is  not  present  in  the  mother.  Where  you  have  a  mother  and  a  daughter 
with  the  same  disease,  I  think  that  the  theory  of  congenital  communication  be- 
tween the  bronchial  arteries  and  the  pulmonary  arteries  explains  the  picture 
better. 
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Dr.  Popper:  Two  problems  have  been  raised:  one,  the  question  of  whether  an 
initial  pulmonary  bronchial  arterial  anastomosis  is  the  cause  of  the  entire  dis- 
ease and,  two,  that  influenza  might  be  the  cause  of  the  periarteritis  which  we 
found  in  the  lung. 

As  to  the  first  point,  I  cannot  completely  deny  it  because  definite  evidence 
that  this  is  not  the  case  could  only  be  obtained  by  an  injection  preparation  and 
we  have  not  made  this.  After  a  long  search  I  could  find  no  existing  larger  bronchial 
anastomosis  and  I  believe  that  anastomosis  takes  place  at  the  level  of  very  small 
vessels.  I  must  concede,  however,  in  the  absence  of  injection  preparations  that 
I  am  not  quite  happy  to  accept  pulmonary  to  bronchial  arterial  fistulas  as  the 
primary  cause  of  the  disease  and  that  they  produce  a  primary  pulmonary  hyper- 
tension. I  am  uncertain  of  how  that  functionally  would  raise  the  pulmonary 
pressure  to  a  degree  that  such  a  severe  arteritis  could  have  developed. 

On  the  second  point,  I  believe  that  I  have  the  right  to  be  dogmatic.  If  there 
were  an  influenzal  lesion  in  the  lung,  we  .should  have  found  it.  Besides,  we  can 
see  all  stages  from  beginning  arteritis  to  a  very  late  stage,  and  this  very  late 
stage,  relying  on  our  information  from  the  peripheral  lesion,  can  be  accepted  as 
probably  old. 

I  would  be  hesitant  to  assume  a  year-old  influenzal  arteritis  as  being  present 
in  the  lung.  Therefore,  while  I  must  be  broad-minded  about  your  first  suggestion, 
I  do  not  think  that  an  arteritis  of  this  tj^pe  could  either  be  secondarj^  to  hyper- 
tension, as  it  would  have  to  be,  or  that  it  could  be  due  to  influenza. 

Now  as  to  the  question  of  the  mother.  The  mother  has  no  acute  arteritic  lesion 
but  definitely  had  scars  of  one.  Therefore,  I  am  a  little  bit  inclined  to  feel  that 
the  mother  also  had  arteritis  once  but  no  longer  had  the  acti\^e  changes. 

Dr.  Arthur  M.  Griskman:  I  have  another  family  with  this  primary  pulmonary 
hypertension.  I  think  these  are  the  only  two  families  known. 

Dr.  Friedberg:  It  is  possible  that  the  number  of  cases  reported  form  a  very 
small  percentage  of  those  that  are  seen,  and  in  a  few  years  we  will  probabh^  see 
more  extensi\'e  reports  which  might  enable  us  to  say  whether  it  is  or  is  not 
conmion. 

Dr.  Kuh:  The  changes  that  you  call  scars  in  the  mother  might  possibly  be 
simply  secondary  to  the  sustained  pulmonary  hypertension. 

Dr.  Popper:  Yes,  but  I  cannot  find  the  same  lesion  in  the  mother  and  in  the 
daughter,  and  in  the  daughter  I  can  trace  every  step  from  arteritis  to  scarring. 
As  far  as  the  mother  is  concerned,  there  is  only  verj'  strong  circumstantial 
evidence. 

Dr.  Friedberg:  Are  there  not  many  instances  of  these  arteriovenous  and  pul- 
monary-bronchial arterial  communications  in  a  variety  of  pulmonary  diseases 
in  which  there  is  no  primary  pulmonarj^  hypertension? 

Dr.  Popper:  Yes,  there  are  anastomoses  of  a  fistulous  type.  The  glomus,  how- 
ever, occurs  only  in  pulmonary  hj^pertension. 

Dr.  Richard  P.  Lasser:  This  patient  and  also  the  mother  had  chest  pain  which 
is  very  common  in  pulmonary  hypertension.  If  this  pain  resembles  the  anginal 
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syndrome,  one  might  see  suheiKlocanlial  fibrosis  and  necrosis.  Was  a  study  made 
of  the  muscle  types? 

Dr.  Popper:  In  the  daughter's  case,  we  looked  at  the  papillary  nuisclc  and 
found  only  interstitial  fibrosis  on  the  left  side.  There  was  none  on  the  right. 

Doctor:  Pain  in  pulmonary  hypertension  is  like  angina  in  its  location  or  in- 
tensity but  it  increases  with  respiration  associated  with  dyspnea  and  is  not  re- 
lieved by  nitroglycerine.  The  pain  is  thought  not  to  be  related  to  right  ventricular 
ischemia  but  more  likely  due  to  distention  of  the  pulmonary  artery. 

Dr.  Friedberg:  The  term  primary  pulmonary  hypertension  has  to  be  used  with 
a  little  caution  because,  in  the  first  place,  it  is  not  precise  etiologically  or  even 
anatomically.  All  we  are  saying  is  that  the  increase  in  pulmonary  resistance  is 
located  somewhere  in  the  small  arteries  of  the  pulmonary  system  and  that 
this  is  not  due  either  to  pulmonary  disease  or  to  disease  outside  of  the  lungs. 
But  we  begin  to  see  that  cases  we  label  primary  pulmonary  hypertension  may 
differ  in  the  anatomical  appearance  within  the  small  pulmonary  arteries  and 
also  in  their  etiology. 

Manj^  of  you  are  familiar  with  the  experimental  work  as  well  as  clinical  cor- 
relations indicating  that  if  fibrin  clots  are  injected  into  animals,  embolic  lesions 
are  produced  that  look  very  much  like  those  seen  in  primary  pulmonary  hyper- 
tension. Here  and  in  other  cases  we  hnve  instances  of  inflammatory  lesions  of 
the  small  vessels  with  closure. 

From  the  physiological  point  of  view,  the  basic  distiu'bance  is  obstruction  or 
increased  resistance  due  to  obstruction,  plus  vasoconstriction  in  the  pulmonary 
arteries,  thus  far,  cause  unknown.  I  think  this  is  the  difficulty  that  leads  us  to 
uncertainty  as  to  which  comes  first. 

We  agree  that  the  atherosclerotic  and  the  intimal  proliferative  lesions  in  the 
larger  vessels  are  secondary  to  the  pulmonary  hypertension.  It  is  quite  possible 
that  some  of  the  lesions,  particularly  the  necrotic  ones  in  the  smaller  arteries 
in  the  pulmonarj^  system,  as  in  the  systemic  system,  may  also  be  secondary  to 
severe  pulmonary  hj^pertension,  but  what  we  do  not  know  is  how  much  of  the 
closures  of  ves.sels  is  due  to  arteritis,  to  organizing  thromboembolism,  to  local 
thrombosis,  or  perhaps  even  to  primary  spasm.  Injections  have  been  made  into 
the  pulmonarj^  artery  of  parasympatheticomimetic  drugs  w'hich  sharply  re- 
duce the  pulmonary  pi'essure  by  diminishing  the  pulmonary  arterial  resistance 
for  a  brief  period.  This  only  tells  us  that  there  is  some  degree  of  vasoconstric- 
tion but  not  whether  this  is  primary  or  secondary. 

Final  anatomical  diagnosis:  Idiopathic  pulmonary  artery  arteritis  with  pul- 
monary hypertension  and  cor  pidmonale.  Unresolved  pneumonia  with  pul- 
monary abscesses. 
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DR.  H.  EVAX8  LEITER 
1906-1958 

The  sudden  death  of  Hy  Leiter  during  the  night  of  September  11,  1958,  stmck 
his  family,  friends,  confreres  and  countless  patients  with  profound  emotional 
impact.  In  the  very  prime  of  hi.-^  life,  having  reached  the  summit  in  his  cho.sen 
field  and  at  a  time  when  he  was  enjoying  the  fruits  of  his  many  years  of  hard 
work  productive  of  magnificent  accomplishments,  he  was  .<utldenly  stricken  and 
remo\ed  from  our  midst.  The  personal  attributes  of  the  man.  his  professional 
stature,  his  innate  sympathy  for  the  suffering  of  his  fellow-men,  his  devotion  to 
his  calling  and  the  sincerity  of  his  personal  and  professional  relationships  amply 
explained  the  high  esteem  in  which  he  was  regarded  by  everyone  who  came  in 
contact  with  him. 

Dr.  Leiter  was  born  in  huml)le  surroundings  in  New  York  City  on  Xox  ember 
4,  190G.  After  preliminary  education  in  the  public  schools,  he  entered  the  College 
of  the  City  of  New  York  and  received  his  B.S.  degree  in  1923.  He  later  entered 
The  New  York  University  Medical  School.  In  spite  of  great  financial  and  physical 
hardship,  he  was  graduated  in  1930  with  membership  in  the  .\lpha  Omega  Alpha 
honorary  fraternity  and  in  possession  of  the  Alpha  Omega  Alpha  prize. 

He  started  his  combined  medical  and  .surgical  internships  at  Mount  Sinai 
Hospital  in  July  of  1930.  During  the  succeeding  four  years  of  his  training  period, 
the  high  calibre  of  his  work  and  his  intense  application  promised  a  bright  future. 
It  was  during  this  latter  period  that  he  chose  urology  as  a  siu'gical  specialty  and 
after  he  was  graduated,  began  his  long  a.-^sociation  with  that  master  urologi.st.  Dr. 
.\.  Hyman.  In  the  succeeding  15  years,  Leiter's  collaboration  with  Dr.  Hyman 
both  in  private  practice  and  on  the  urological  service  at  The  Mount  Sinai  Hos- 
pital brought  into  full  l)loom  all  the  professional  capabilities  which  were  recog- 
nized in  ever  enlarging  circles. 

Soon  after  the  completion  of  his  formal  training  at  Mount  Sinai,  he  was  ap- 
pointed adjunct  surgeon  at  The  Hospital  for  Joint  Diseases,  a  position  he  held 
until  1938.  In  the  same  year,  he  received  his  appointment  as  assistant  attending 
.surgeon  at  The  Mount  Sinai  Hospital  and  during  the  .succeeding  twelve  years 
gave  devoted  and  distingui.shed  .service  to  the  surgical  and  inological  .services.  All 
of  us  on  the  attending  staff  soon  realized  that  Leiter  was  a  young  man  with 
unusual  capabilities  and  watched  his  .siibsefjuent  rapid  progress  with  admiration 
and  deep  .satisfaction.  As  he  matured,  the  three  distinctive  attributes  of  the 
outstanding  surgeon  began  to  crystallize,  excellent  diagnostic  ability,  sound 
siu'gical  judgment  and  superlative  technical  skill.  This  unusual  combination  was 
soon  recognizetl  by  the  medical  fraternity  in  Xew  York  and,  when  he  terminated 
his  association  with  Dr.  H\nnan  in  1949  and  opened  his  own  office,  his  practice 
increased  at  an  unprecedented  rate  so  that  at  the  time  of  his  death  he  was  one  of  the 
busiest  urologists  in  Xew  York  City. 
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In  1948  he  was  appointed  Cliief  of  llie  Department  of  I'lologiy  at  The  Hospital 
for  Joint  Diseases  where  he  served  with  distinction  for  the  next  ten  years.  In  tlie 
spring  of  1958,  he  was  chosen  l)y  Beth  Israel  Ilosjiital  as  Attenchnfz;  I'rolof^ist, 
an  appointment  of  which  he  was  rightly  proud.  During  the  afternoon  of  the  day 
he  died,  he  discussed  with  me  his  plans  for  the  reorganization  of  his  .service  and 
the  high  hopes  he  entertained  of  making  this  one  of  the  most  important  uro- 
logical  services  in  tlie  city.  From  our  knowledge  of  his  warm  personality,  his 
high  scientihc  standartls  and  executive  ability,  these  hopes  would  .surely  have 
been  realized. 

Dr.  Lciter  was  a  Fellow  of  The  American  College  of  Surgeons,  a  Diplomate  of 
The  American  Board  of  Urology  and  a  member  of  The  New  "\'ork  I'rologic 
Association,  American  I'rologic  Association  and  The  New  York  Academy  of 
Medicine.  He  was  the  author  of  many  i^urgical  papers,  mainly  devoted  to  his 
chosen  field.  One  of  his  most  important  contributions  was  concerned  with  the 
development  of  the  open  direct-vision  suprapubic  prostatectomy  operation  with 
meticulous  hemosta.sis  of  the  prostatic  bed  and  primary  closure  of  the  bladder. 
Here  his  previous  training  in  general  surgery  came  to  the  fore  and  this  new 
method  will  undoubtedly  replace  the  older  blind  and  traumatic  operation. 

The  Mount  Siiiai  Hospital  has  lost  a  distinguished  alumnus.  He  will  be  sorely 
missed  but  will  lie  remembered  for  his  genial  personality,  his  superlati\  e  technical 
ability,  his  concern  for  his  patients'  welfare,  and  the  sincerity  of  his  professional 
and  personal  relation.ships. 

To  his  lovely  wife,  Babette,  and  his  two  fine  sons,  James  and  Robert,  all  of  us 
extend  our  mo.st  heartfelt  .sympathy. 

JOHN  H.  GARLOCK,  M.D. 
for 

The  Editorial  Board 


CONSIDERATIONS    IN  SURGICAL  MANAGEMENT  OF  ATYPICAL 
MUSCULO-SKELETAL  MALIGNANT  TUMORS* 


ALBERT  J.  SCHEIN,  M.D. 
New  York,  N.  Y. 

The  treatment  of  a  sarcoma  of  bone  or  adjacent  tissues  should  be  by  wide 
resection  or  excision  if  it  is  located  in  the  trunk  or  head  and  if  the  location  and 
lack  of  vital  structures  involved  lend  themselves  to  such  a  procedure.  If  the 
tumor  is  in  an  extremity,  amputation  at  a  level  well  above  the  tumor  is  usually 
the  treatment  of  choice.  Excision  of  the  regional  nodes  is  also  sometimes  ad- 
visable, along  with  supplementary  radiation  therapy.  Even  with  such  radical 
methods,  the  mortality  rates  are  high  and  the  incidence  of  cure  is  only  15  to  20 
per  cent.  Some  types  of  disseminated  sarcoma  which  are  notably  radiosensitive 
may  be  treated  primarily  by  radiation  therapy. 

In  long  bones,  a  selected  group  of  sarcomas  of  the  lower  grades  and  relatively 
small  size,  preferably  contained  within  the  bone,  may  be  treated  by  extensive 
resection  of  the  involved  bone  and  adjacent  soft  parts  and  repair  by  bone 
grafting.  Phemister  (1)  has  recommended  such  therapy  especially  in  some  chon- 
drosarcomas, giant  cell  sarcomas,  and  reticulum  cell  sarcomas.  Higinbotham  and 
Coley  (2),  among  others,  have  reported  on  treatment  of  bone  tumors  by  resection. 
These  were  chiefly  in  the  humerus  and  fibula  and  only  occasionally  elsewhere  in 
fifteen  cases. 

In  spite  of  all  considerations — grading  of  the  tumors,  careful  selection  as  to 
size,  encapsulation  and  location — it  is  still  very  difficult  to  choose  which  ones 
may  be  successfully  treated  by  local  radical  excision  as  compared  to  still  more 
radical  limb  ablation,  often  including  interinnominoabdominal  and  interscapulo- 
thoracic  amputations.  The  purpose  of  this  commimication  is  to  show  a  group  of 
five  cases  of  less  common  musculo-skeletal  tumors  in  which  a  relatively  local 
radical  resection  was  done  in  preference  to  possible  more  radical  ablation  of  the 
part  or  parts  (with  the  possible  exception  of  case  ^  3  where  such  ablation  was 
impossible) . 

CASE  REPORTS 

Case  §1 

W.  S.  (  ^245631),  a  ten  yeai'  old  girl,  gave  a  history  of  a  fall  and  an  injury  to  the  left 
scapula  about  six  months  before  admission.  Three  weeks  later  she  noted  a  mass  and  pain 
in  this  region.  At  the  time  of  the  above  incident  an  x-ray  taken  at  another  hospital  was 
stated  to  be  negative.  The  mass  increased  in  size  until  the  time  of  admission. 

Examination  showed  a  6  cm.  x  4  cm.  smooth,  rounded,  somewhat  tender  mass  occupying 
the  infraspinatous  portion  of  the  left  scapula.  It  moved  with  the  scapula  and  was  not 

From  the  Departments  of  Orthopedic  Surgery,  The  Mount  Sinai  Hospital  and  the 
Bronx  Hospital,  New  York,  N.  Y. 

*  Presented  before  the  Orthopedic  Section  of  the  New  York  Academy  of  Medicine, 
March,  1957. 
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Fk;.  1A.  Fk;.  111. 

Fig.  1A.  AP  view  of  left  scapula,  after  iulmi.ssioii  t(j  hospital,  1/7/52.  Fig.  1H.  Tangential 
view  of  left  scapula,  1/7/52. 

attached  to  overlying  normal  appearing  skin.  There  was  no  limitation  of  shoulder  motion. 
No  glands  were  ]7alpahle  in  the  left  axilla.  The  general  examination  was  negative. 

Laboratory  studios  including  hlootl  count,  urine  analysis,  l>lood  calcium,  phosphorous 
and  alkaline  phosphatase  were  normal. 

X-ray  on  1/7/52  (figures  lA  and  IB)  showed  irrogvdar  hone  destruction  in  the  lower  % 
of  the  left  scapula  with  expansion  of  the  bone  and  thinning  of  the  cortex  over  the  medial 
posterior  portion.  There  was  cortical  thickening  of  the  lateral  border  and  anterior  surface 
of  the  scapula.  At  one  point  there  was  a  suggestion  of  discontinuity  of  the  cortex  and  pos- 
sible breakthrough  in  the  medial  posterior  portion.  Diagnosis  was  lytic  Ixjne  tumor,  possibly 
malignant.  Skeletal  survey,  chest,  ribs  and  skull  were  normal. 

Biopsy  was  done  on  1/10/52.  Reddish  brown,  soft  tumor  tissue  was  found.  The  cortex 
of  the  scapula  was  broken  through  at  the  site  of  the  exploration.  Pathologic  report  was  a 
highly  cellular  osteogenic  neoplasm  which  destroyed  and  replaced  most  of  the  normal  bone. 
The  tumor  was  composed  of  numerous  large,  irregularly  shaped,  pleomorphic,  darkly  stain- 
ing cells,  most  of  which  were  arranged  about  numerous  tiny  fragments  of  poorly  formed 
bone,  consisting  of  little  more  than  calcified  cartilage  or  osteoid  tissue.  Many  multi-nu- 
cleated tumor  cells  were  present  with  bizarre  shapes.  The  neoplastic  trabeculae  were  in  a 
matrix  of  loose,  highly  vascular  connective  tissue.  Diagnosis  was  osteogenic  osteosarcoma. 

Dr.  H.  Jaffe  saw  the  slides  and  felt  that  this  was  a  raretypeof  osteoid,  osteoblastic  tumor 
such  as  he  had  described  in  a  metacarpal  with  Dr.  Leo  IVLayer  and  that  it  was  not  truly  a 
malignancy  (7).  This  influenced  me  toward  conservatism.  In  fact  he  felt  that  it  was  ([uite 
benign  rather  than  malignant. 

On  1/28/52  excision  of  the  infraspinous  portion  of  the  left  scapula  was  performed.  The 
glenoid  was  left  with  the  spine  of  the  scapula  and  the  supraspinous  jjortion.  The  subscapu- 
laris  and  serratus  muscles  were  uninvolved  and  separated  extra-periosteallv  as  were  the 
other  scapulo-spinal  muscles  at  the  medial  border.  The  infraspinatus,  teres  major  and  teres 
minor  muscles  were  excised  with  the  scapula.  The  previous  biopsy  site  was  excised  in  loto 
with  the  large  resection.  The  attachments  of  the  infraspinatus  and  teres  muscles  to  the 
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humerus  were  left  intact.  The  entire  tumor  was  contained  in  the  resected  mass.  Closure 
was  done  by  suturing  the  remaining  muscles  to  each  other  from  the  anterior,  rnedial  and 
lateral  and  posterior  aspects  with  chromic  catgut.  These  included  the  latissimus  dor-si, 
serratus  anterior,  rhomboids,  serratus  posterior  and  subscapularis  and  the  remains  of  the 
teres  and  infraspinatus  laterally. 

Final  pathologic  report  gross:  The  specimen  was  the  resected  part  of  the  scapula,  14  cm.  x  8 
cm.  X  4  cm.  The  under  surface  of  the  scapula  was  convex  instead  of  concave.  There  was  no 
cortical  perforation  there.  Infraspinatus  was  attached  closely  to  the  dorsal  surface.  The 
upper  cut  surface  showed  sclerotic  but  normal  bone  and  ultimately  proved  to  be  beyond  the 
tumor  section.  After  sawing  through  longitudinally,  the  tumor  was  6x5  cm.  in  diameter, 
oval  in  shape  and  somewhat  sclerotic.  It  reached  the  vertebral  border  of  the  scapula  but 
did  not  perforate  it.  There  was  a  margin  of  intact  bone  2  cm.  superiorly  and  2.5  cm.  later- 
ally. The  bone  around  the  tumor  was  sclerotic  and  dense.  The  center  of  the  tumor  was  softer 
than  the  rest,  crumbly,  but  not  very  vascular.  Several  areas  were  hemorrhagic  and  necrotic. 
Perforation  of  the  tumor  had  occurred  only  dorsally  into  the  infraspinatus  muscle.  The 
cortex  at  the  lower  tip  of  the  bone,  although  thin,  was  intact. 

Microscopic  pathology:  There  was  no  extension  of  the  tumor  beyond  the  cut  edge  of  bone. 
The  tumor  was,  as  described  previously,  composed  of  numerous  closely  packed,  poorly 
formed,  interlacing  masses  of  trabeculae  composed  chiefly  of  osteoid  tissue  with  occasional 


Fig.  IC.  Resected  gross  specimen,  infraspinous  part  of  the  scapula. 


¥i(i.  11).  Same  specimen,  side  view. 
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calcific  deposits  in  a  matrix  of  fibrous  couiuH  tivc  tissue.  Numerous  large  pleomorphic  neo- 
plastic osteoblasts  were  present  at  the  periphery  of  the  tralieeulae  j;i'o\vinK  into  the 
trabeculae  without  definite  arraiifjenient ,  and  even  into  the  fibrous  connective  tissue. 
Many  of  the  iniclei  were  large  and  vesicular  with  ])r<)minenl  inicleoli.  Others  showed  marked 
hyperchromatism  and  nudti-nucleated  forms  were  .seen  distinct  from  the  osteoclasts. 
Diagnosis  was  low  grade  osteogenic  sarcoma  of  the  scapula. 

The  post -operative  course  was  uneventful.  Wound  healing  was  clean  and  primary  and 
she  was  dischargeil  on  2/8/52,  eleven  days  post-operative.  Repeated  chest  .\-rays  had  been 
negative  pre-operatively  and  post  operatively.  She  has  been  followed  to  date  and  has  re- 
mained entirely  well.  Function  of  the  left  shoulder  joint  in  motion,  strength  and  utility  has 
approximated  that  of  the  normal  right,  with  slight  weakness  and  restrict  ion  when  used  above 
should  level.  She  has  had  no  complaints.  Itepeated  chest  studies  remained  negative.  There 
was  some  jjeriosteal  regeneration  of  irregular  placpies  of  bone  in  the  old  scajMilar  bed  by 
x-ray.  When  last  seen  in  orth()i)edic  clinic  in  l)cccmi)er,  1!)57  she  was  well  without  any  sign 
of  recurrence  and  living  a  normal  life,  even  having  become  a  mother. 

Summary:  This  is  a  case  diagnosed  by  one  group  of  pathologists  on  biopsy  as  an  oste- 
ogenic sarcoma  of  low  malignancy,  and  by  another  pathologist  as  a  rare  benign  osteoid- 
producing  tumor.  It  could  have  been  treated  by  total  scapulectomy,  interscapvdo-thoracic 
amputation,  or  as  it  was  actually  treated,  by  local  partial  scapular  resection.  The  latter 


Fig.  ll'J.  Cross  sections,  vertical,  of  gross  specimen,  opened  out. 


Fig.  if.  Microscopic  section,  X  125.  See  pathologic  report  in  text. 
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Fig.  1G.  Higher  power  niicro,sco]jic  section,  ><  500. 


was  decided  upon  because  of  doubt  as  to  true  malignancy  and  the  "low  grade  of  malignancy" 
in  the  various  reports,  and  because  it  proved  entirely  resectable  at  operation  without 
destroying  function  of  the  shoulder  or  upper  limb.  The  subsequent  course  and  apparent 
cure  have  borne  out  this  reasoning.  It  was  agreed  that  other  therapy  such  as  radiation  and 
chemotherapy  offered  nothing. 

Similar  cases  have  recently  been  reported  by  Golding  and  Sissons  (4),  and  hy  Kirk- 
patrick  and  Murray  (5)  as  osteogenic  fibroma  of  bone.  While  all  of  these  have  been  con- 
sidered benign,  it  must  be  agreed  that  this  one  resembled  an  aggressive  tumor  and  that  the 
biopsy,  according  to  one  group  of  pathologists  was  an  osteosarcoma,  albeit  low  grade. 
This  indicates  the  need  for  extremely  careful  pathologic  study  by  the  most  competent  pa- 
thologists with  frequent  and  multiple  consultation  as  indicated  before  arriving  at  a  clinical 
decision  as  to  how  radical  to  be  in  surgical  therapy. 

Case  %2 

M.  F.  (  #210516)  was  a  five  month  old  female  child  at  the  time  of  admission.  There  was 
apparently  a  sudden  on.set,  noted  by  her  mother,  of  a  swelling  over  the  right  upper  pectoral 
region  on  2/25/54,  the  day  of  admission.  No  known  injury  was  elicited.  Swelling  was  seen 
by  the  family  physician  and  then  b.y  an  orthopedist.  X-raj's  of  the  chest,  right  upper  limb 
and  shoulder  girdle  were  negative.  T-here  was  no  fever.  Aspiration  withdrew  8  cc.  of  gross 
blood  and  a  hemorrhage  was  considered  the  diagnosis.  She  was  then  admitted  to  the 
hospital. 

The  positive  physical  findings  were  in  the  right  upper  pectoral  region  only  (figure  2A). 
There  was  an  orange-sized  tense  mass,  not  involving  skin,  freely  moveable  in  or  with  the 
pectoral  muscles.  It  was  well  localized,  extending  from  the  anterior  axillary  fold  to  about 
1/^  inch  from  the  border  of  the  sternum  and  from  the  clavicle  to  the  level  of  the  nipple. 
It  was  not  very  tender  and  did  not  interfere  with  function  of  the  right  upper  extremity. 
The  axilla  was  clear  of  nodes  and  the  cervical  spine  and  supraclavicular  region  appeared 
normal.  Peripheral  pulses  were  normal.  There  was  no  bruit  or  auscultatory  abnormalitj'. 

Developmental  history  and  general  examination  were  entirely-  negative. 

Biopsy  on  2/27/54  showed  a  large  tumor  vuiderlying  the  pectoralis  major  muscle,  friable, 
white,  formless  and  stringlike  and  part  of  this  was  removed  piece  meal.  Because  of  bleeding 
the  wound  was  partially  packed  open. 

Laboratory  studies  showed  RBC  3,080,000  per  cubic  mm.,  WBC  8,200,  Hgb.  52%,  normal 
differential  and  normal  bleeding  and  clotting  time. 

Transfusion  was  given  via  cut  down  intravenous  infusion  during  the  Ijiojjsy  and  after- 
wards 
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Fig.  2A.  Pre-operativo  appearance  of  tumor,  lif^lit  infraclavicular  region. 

Biopsi/  pathologic  report  (figures  2B  and  2C)  showed  a  highly  cellular  neoplasm  with 
uniform  appearance  throughout.  The  tumor  was  arranged  in  closely  packed  masses  of 
cells  which  formed  tufts  of  varying  sizes  and  even  solid  sheets  of  cells.  Within  them  were 
irregular  spaces  or  clefts,  some  of  which  were  quite  hirge  and  contained  blood  elements.  A 
few  of  the  cells  were  arranged  in  bundles  or  fasciculi.  The  nuclei  were  oval  in  shape,  closely 
crowded  and  many  showed  pointed  ends.  There  were  frequent  mitosis  and  nuclear  hyper- 
chromatism.  Some  of  the  tumor  .showed  hemorrhage  or  liquefaction  necrosis.  Diagnosis  was 
sarcoma,  probably  synovial  type,  or  malignant  synovioma.  Sections  were  shown  to  Dr.  A. 
P.  Stout  who  agreed  with  the  diagnosis  of  probable  synovioma  or  possibly  mesenchymoma, 
highly  malignant,  with  poor  prognosis  and  probably  radio-resistant  (9). 

Operation  was  done  on  3/8/54  with  a  view  to  radical  resection  with  interscaijulolhoracic 
amputation  in  mind  if  necessary.  Removal  of  the  outer  of  the  clavicle  was  done  leaving 
only  the  sterno-mastoid  attachment.  The  pectoralis  major  was  freed  from  the  chest  wall 
along  with  the  pectoralis  minor.  The  brachial  ple.xus,  sub-clavian  artery  and  vein  were 
identified  and  dissected  free  of  all  surrounding  fat,  h-mphatic  tissue  etc.  as  in  a  radical 
breast  operation,  preserving  only  the  thoracodorsal  and  long  thoracic  nerves.  As  the  dis- 
.section  preceded  from  medial  to  lateral,  it  was  seen  that  the  entire  lesion  could  be  removed 
without  performing  a  fore-quarter  amputation.  The  entire  axilla  was  dissected  and  the 
pectoral  muscles  completely  excised  except  the  remnants  of  the  eoracoid  and  humeral 
attachments.  The  previous  biopsy  wo\ind  with  the  cavity  of  the  tumor  tissue  and  adjacent 
infraclavicular  and  supraclavicular  contents  were  removed  with  adequate  surrounding  skin 


ft 


Fig.  2D.  Resected  gross  specimen. 
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so  that  the  mass  was  not  ontcrcd  during  this  radical  dissect  ion.  Tlie  skin  fhips  remaining, 
which  had  been  formed  well  away  from  the  previous  wound,  were  closed  with  some  difhculty 
and  a  drain  placeil  through  a  stah  wound  in  the  dependent  part  of  the  axilla.  No  definite 
site  of  origin  of  the  tumor  could  he  found.  It  did  not  involve  the  shoulder  joint  or  the 
coracoid  process. 

I'^inal  patholoyic  report  ijrosx:  The  resection  included  a  tumor,  skin,  subcutaneous  tissues, 
muscle  and  clavicle.  In  the  center  of  the  skin  the  previous  biops\-  wound  was  noted,  closed 
with  silk  sutures.  The  mass  included  apparently  the  entire  tumor  since  when  insi)ccted 
externally  the  tumor  could  not  be  seen  superficially,  not  having  been  entered  at  the  time  of 
the  second  operation.  The  specimen  was  3.5  inches  x  2  inches  x  1.5  inches.  The  tumor  itself 
was  about  2  inches  in  diameter.  The  mass  was  not  particularly  hemorrhagic  except  at  one 
pole  where  a  circumscribetl  area  1  inch  in  diameter  was  noted,  containing  brown  i)igmenta- 
tion,  and  somewhat  necrotic,  friable  and  hemorrhagic.  The  tumor  otherwise  was  grayish- 
rt'hite,  spongy,  without  fluid  or  cystic  material. 

Microscopic:  It  was  a  highly  cellular,  malignant  pleomoriihic  celled  tumor  containing 
many  mitoses,  irregular  clefts  throughout  with  intermingling  of  leucocytes,  erythrocytes, 
histiocytes  and  fibrobhists.  Diagnosis  was  malignant  synovioma. 

Post  operative  cour.se  was  relatively  uneventful.  The  drain  was  removed  in  48  hours. 
There  was  a  mild  wound  separation  after  sutures  were  removed  and  further  healing  occurred 
by  granidation.  There  was  no  infection.  She  had  received  penicillin  for  one  week.  By  3/28/54 
the  wound  had  healed  down  to  a  small  granulating  area  and  she  was  discharged. 

She  has  been  followed  to  date  and  remains  perfectly  well  without  sign  of  recurrence 
(four  years).  Repeated  chest  x-rays  and  local  examination  and  x-ray  study  have  remained 
negative  for  tumor.  No  irradiation  was  given.  She  has  developed  normally.  She  even  has 
maintained  fairly  good  function  of  the  right  arm  and  shoulder  (figure  2E).  The  scar  has 


Fig.  210.  Post -operative  function  of  the  right  shoulder  and  arm. 
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produced  no  trouble  although  it  is  somewhat  indented.  The  resected  clavicle  has  not  re- 
generated except  for  some  sub-periosteal  bone  formation  in  irregular  plaques.  There  have 
been  no  complaints  nor  symptoms  and  she  has  gained  weight  normally  in  accordance  with 
her  age.  No  lymphadenopathy  has  ever  been  noted. 

Summarij:  This  was  a  highly  malignant  tumor  of  mesenchymal  origin  called  by  one 
pathology  department  a  synovioma,  and  by  a  consultant  mesenchymoma  and  by  a  third, 
undifferentiated  spindle  cell  or  round  cell  sarcoma.  It  had  grown  so  rapidly  in  a  young 
infant  that  the  odds  were  against  survival  by  any  treatment.  Radiotherapy  was  considered 
useless  as  was  chemotherapy.  After  the  diagnosis  was  made  by  biops}',  the  choice  was  as  to 
local  wide  excision,  or  additional  interscapulothoracic  amputation.  It  was  felt  that  the 
lesion  was  so  malignant  that  neither  was  likely  to  be  successful.  Fortunately  at  block 
resection  operation,  the  major  nerves  and  arteries  to  the  upper  limb  were  not  compromised 
and  a  radical  block  dissection  and  excision  was  accomplished  outside  the  boundaries  of  the 
tumor.  It  is  questionable  whether  amputation  would  have  made  the  excision  any  more 
complete.  The  result  thus  far  has  borne  out  this  judgment  in  that  the  child  is  well  four 
years  later,  without  recurrence  and  with  good  function  of  the  right  upper  limb  and  shoulder. 

Case  #S 

E.  F.  (courtesj'  of  Dr.  E.  Blumenfeld)  was  a  14  year  old  girl  who  w'as  seen  for  the  first 
time  on  August  30th,  1954.  She  had  developed  spontaneous  pain  in  the  left  shoulder  four 
weeks  before.  There  had  been  no  definite  injury.  The  pain  was  sharp  and  steady.  She  had 
been  first  examined  by  a  physician  for  this  condition  on  August  16th,  1954.  A  mass  had 
been  found  located  below  the  nape  of  the  neck,  to  the  left  of  the  midline  in  the  upper  dorsal 
parascapular  region.  Increased  local  heat  was  present.  A  preliminary  diagnosis  of  hematoma 
was  made  and  heat  and  medication  advised.  Aspiration  withdrew  no  blood.  A  blood  sedi- 
mentation rate  on  8/26/54  was  52  mm. /hour  (Wintrobe). 

Previous  history  was  non-contributory.  There  had  been  no  weight  loss,  malaise,  or  other 
S3'stemic  manifestations  of  illness. 

There  was  an  obvious  swelling,  tense,  in  the  seated  and  somewhat  forward  flexed  attitude, 
less-so  when  she  lay  prone.  The  mass  was  to  the  left  of  the  midline  in  the  cervicodorsal, 


Fig.  3A.  Fig.  SB. 


Fig.  3A.  Oblique  view  left  cervicoscapular  region,  preoperative.  Fig.  3B.  .\dditional 
oblique  view,  same  region,  preoperative. 
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p;ir;isc;i])ul:ir  it'Kioii,  het wccii  the  l)()r(U>r  of  tlio  left  scapuhi  and  the  spine.  It  was 

!il)()Ut  tlio  size  of  a  |)each.  Ovtt  it  was  considiM'aljlo  cdoina.  It  was  liard,  imiiiohiic,  inaikcdly 
teiuior  and  felt  wanner  tlian  tlie  surroiindiii;;  skin.  lO.xteiision  of  the  neck  increased  lief 
pain  but  there  was  no  limitation  of  motion  of  the  neck  or  upper  limbs.  .Ml  oilier  iiiidiiifis 
were  normal. 

Secondary  anemia  and  a  rapid  sedimentation  rate  were  demonstrated.  Blood  count  and 
urinalysis  including  Hence-Jones  |)rotein  test  were  normal.  Tuberculin  tests  were  negative. 
The  temperature  rangetl  between  100. 5  degrees  and  101.5  degrees. 

X-ray  demonstrated  an  oval  calcified  mass  (figures  and  'Mi)  about  1.5  cm.  x  3  cm.  in 
the  left  parascai)ular,  paravertebral  region  just  behind  and  lateral  to  the  transverse  ])rocess 
of  1)1 .  No  evidence  of  origin  from  or  commiuiicat  ion  wit  ii  I  he  luulerlying  sjjine  or  ribs  could 
be  demonstrateil. 

Bioptiij:  Predominant  opinion  was  I  hat  t  he  lesion  was  anextraskeletal  osteogenic  sarcoma, 
although  diagnoses  of  fibrosarcoma  ami  at\  pical  myositis  ossificans  w^ere  also  entertained. 
The  tumor  was  firm,  finely  granular  and  light  tan  in  color.  It  contained  a  calcified  zone, 
partly  spongy  and  partly  more  solid.  Part  of  the  specimen  was  semi-gelatinous. 

Microscopic  findings  revealed  a  variable  and  bizarre  picture.  In  some  regions,  dense 
fibrous  tissue  baiuls  were  noted  with  atypical  proliferating  cells  (figure  3C).  These  bands, 
coursecl  along  looser  type  of  soft  tissue  in  which  were  many  dilated  vascular  spaces  and  a 
loose  faintly  basophilic  mesenchymal-like  stroma.  There  was  extensive  formation  and  de- 
struction of  osteoid  and  osseous  tissue  (figure  3D).  The  great  number  of  osteoblasts  were 
indicative  of  the  simultaneous  processes  of  bone  formation  and  destruction.  The  bouy 
trabeculae  were  more  formed  and  more  calcified  in  the  periphery  but  looked  like  osteoid 
in  the  central  zones.  These  bony  trabeculae  lay  within  dilated  spaces  in  the  midst  of  a  loose 
connective  tissue.  The  ceils  varied  from  an  elongated  spindle  form  to  a  bizarre  giant  shape 
(figure  3E).  Some  of  these  cells  had  vacuoles  displacing  the  nucleus  eccentrically  and  others 
hail  multiple  nuclei  with  prominent  nucleoli.  Many  of  the  nuclei  were  densely  hyper- 


FiG.  3C.  l  j(,.:il). 

Fig.  3C.  Microscopic  appearance.  X  125,  soft  tissue  portion.  Fig.  3D.  Microscopic  aj)- 
pearance,  X  125,  bony  trabeculae  with  malignant  cells. 
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chromatic  and  occasional  mitoses  were  seen.  This  tumor  was  a  sarcoma  comprised  of  several 
components,  the  predominant  one  being  osseous. 

The  biopsy  wound  healed  per  primum  and  she  was  then  re-admitted  to  the  hospital  for 
wide  excision  and  block  dissection  of  the  area.  At  this  time,  chest  x-ray  showed  a  periosteal 
reaction  about  the  left  first  rib  posteriorly. 

On  9/17/54  radical  resection  was  done.  The  timior  was  not  attached  to  the  vmderlying 
ribs  and  appeared  to  arise  from  and  lie  within  the  serratus  posterior  muscle  as  far  distally 
as  its  tendon  of  insertion  which  was  cut  to  remove  it.  The  resected  specimen  included  a 
13  X  3  cm.  portion  of  skin  and  subcutaneous  tissue  including  the  previous  biopsy  wound. 
The  muscle  tissue  resected  was  15  x  10  cm.  in  size  and  in  the  depths  of  it  was  an  irregular 
6x4  cm.  thick  walled  cavity,  the  site  of  the  previous  excision  and  biopsy.  The  wall  of  this 
felt  thick,  firm  and  almost  cartilaginous.  The  deep  portion  of  the  specimen  was  covered  by 
a  thin  layer  of  normal  muscle.  About  6x2  cm.  of  rib  was  also  removed. 

Final  pathologic  report:  The  sections  revealed  sarcomatous  tumor  ti.ssue  which  had  largely 
replaced  muscle.  There  was  variation  in  the  degree  of  cellularity.  Some  nuclei  were  round  or 
oval  and  others  elongated  and  spindle  shaped.  There  was  an  abundance  of  fibrillar  c\'to- 
plasm  with  a  tendency  to  form  whorls.  In  many  areas  the  tumor  contained  trabeculae 
of  osteoid  tissue  with  calcification  but  this  tissue  was  irregular  in  appearance  and  poorly 
formed.  There  appeared  to  be  a  zone  of  loose  connective  tissue  separating  the  tumor  from 
underlying  muscle.  The  rib  bone  sections  showed  periosteal  new  bone  but  no  neoplastic 
tissue  and  were  otherwise  normal.  Diagnosis  was  extraosseous  osteogenic  sarcoma. 

Course:  Up  to  the  end  of  1957,  the  patient  has  remained  well.  There  is  a  fullness  of  the 
left  posterior  upper  chest  in- the  upper  left  parascapular  and  suprascapular  region.  This 
feels  bony  and  apparently  part  of  the  rib  cage.  This  is  non-tender  and  has  not  changed  in 
three  years.  There  has  been  no  sign  of  tumor  recurrence.  Complaints  are  of  minimal  dis- 
comfort at  the  operative  site  with  some  discomfort  extending  into  the  left  arm  and  elbow 


Fig.  3E.  Fig.  3F. 

Fig.  3E.  Higher  power  microscopic  appearance,  X  500.  Fig.  3F.  Function  of  left  shoulder 
and  arm,  postoperativeh',  after  healing. 
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region  as  well  as  tlio  upixM-  riglit  (-(M-vical  rogioii.  Weiglit  has  !)('(>ii  inaiiitaiiUHl  and  tlicic  is 
no  tumor  mass.  A  mild  left  upper  tlorsal  scoliosis  is  notetl  (figure  3F). 

SuDtiiiorij:  This  was  a  case  of  a  sarcomatous  tunior  report etl  as  osteogenic  sarcoma  hy  two 
dilTerent  departments  of  pathology  even  thougli  it  did  not  originate  in  hone.  It  formed  bone 
and  osteoid  tissue.  In  this  case,  radiation  and  chemotherapy  were  considered  unlikely  to  be 
helpful,  and  amputation  was  not  possible  by  the  location.  Fortunately,  radical  i)lock  re- 
section was  i)ossible  without  involvement  of  vital  structures  ami  without  sacrificing  nuich 
function  of  the  upper  limb,  shoulder  or  cervicothoracic  junction.  The  clinical  cure;  after 
312  3'ears  is  very  encouraging  although  further  follow-up  will  he  indicated. 

A.  C.  (  #2895-1952),  25  year  old  Puerto  Rican  male,  entered  wit  h  complaints  of  a  swelling 
in  the  right  forearm  of  five  months  duration — intermittently  i)ainfui.  1'liere  was  no  loss  of 
weight,  no  weakness  nor  general  symptoms. 

Mumps  with  bilateral  orchitis  and  i)arotitis  in  1954  was  followed  i)\  ploural  effusion  and 
pulmonary  embolism  and  thrombophlebitis  of  the  left  calf. 

The  right  forearm  showed  a  non-tender  swelling  4  to  5  cm.  in  lengtli  fixed  to  the  ulna 
at  its  mid  portion.  The  left  leg  was  noted  to  be  larger  than  the  right  with  pitting  edema 
of  the  upper  tibial  region.  There  were  distended  veins  in  the  left  leg  as  a  result  of  the  old 
phleljitis. 

X-ray  (figure  4A)  showed  sclerotic  and  i)eri()steal  change  along  the  radial  border  of  the 
mid  shaft  of  the  ulna  but  this  did  not  involve  the  ulna  itself  completely.  Blood  urea,  sugar, 
calcium  phosphorous  and  alkaline  phosphatase,  total  protein,  lu-ic  acid  were  all  normal. 
The  virine  was  normal. 

Biopsy:  ICxcisional  biopsy  was  done  on  5/4/56  of  a  walnut -sized  fleshy  mass,  easily  sepa- 
rated from  the  surrounding  muscles  and  fascia.  It  was  attached  to  the  ulna  which  was 
exposed  sub-periosteally  above  and  below.  It  was  excised  with  "a  generous  amount  of  bone" 
and  a  plaster  sugar-tong  splint  was  applied. 

Pathologic  report  was  fibrosarcoma  of  low  grade  malignancy.  Rare  mitoses  were  seen  with 
little  cell  atypism  (figures  4B  and  4C).  It  was  recommended  that  a  wider  local  excision  be 
done  because  the  lesion  extended  to  the  margins  of  the  biojjsy  specimen. 


Fk;.  4.\.  Original  x-ra.\-  of  riglit  forearm,  preoj)erative. 
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Re-operation  was  done  on  b/2'i/b&  with  resection  of  3^  inches  of  the  middle  of  the  ulna 
with  wide  excision  of  the  adjacent  tissues,  muscle  and  fascia,  especialh*  in  the  interosseous 
space.  A  solid  iliac  graft  inches  long  was  inserted  to  bridge  the  ulnar  gap,  and  held  in 
place  by  a  long  Vitallium  plate  (figure  4D).  The  forearm  was  placed  in  a  circular  cast. 
This  specimen  showed  no  gross  tumor  but  fibrous  tissue  at  the  center  adjacent  to  the 
previous  resection.  The  interosseous  membrane  was  excised  over  to  the  adjacent  radius. 
There  was  later  loss  of  abduction  power  of  the  right  thumb  and  some  weakness  of  thumb 
extension  due  to  removal  of  part  of  these  muscles  in  the  procedure.  The  specimen  unfortu- 
nately was  lost  so  that  there  was  no  later  pathologic  report. 

The  wound  healed  per  primum.  Post -operative  x-ray  (figure  4D)  showed  the  bone  graft 
in  place  bridging  the  defect  in  the  ulna  held  in  place  with  three  screws  above  and  two 
below.  The  patient  was  followed  in  the  orthopedic  outpatient  department.  The  plaster  was 
changed  at  intervals.  Healing  was  excellent  at  the  distal  end  with  fusion  of  graft  to  the  ulna. 
The  graft  revascularized.  Non-union  took  place  at  the  proximal  end  causing  some  posterior 
angulation. 

Second  admission  took  place  on  1/28/57  for  the  purpose  of  revising  the  non-union  and 
re-grafting. 

Laboratory  studies:  Hgb.  15.7,  WBC  9,000,  normal  differential,  urine  negative.  The  pa- 
tient seemed  well. 

Operation  was  done  on  February'  6th,  1957  to  repair  the  non-union  of  the  upper  end  of  the 
graft  to  the  ulna.  This  was  done  by  u.se  of  iliac  slivers  and  chips  and  the  old  plate  re- 
placed by  a  longer  one  permitting  good  bridging  and  immobilization  from  the  proximal  to 
the  distal  original  ulnar  fragments.  Xo  sign  of  recurrent  tumor  was  detected  along  the 
ulna  at  either  end  or  along  the  entire  length  of  the  previous  iliac  graft  which  was  found 
intact  and  viable  and  exposed  full  length  on  its  posterior  surface. 

Summary:  This  was  a  periosteal  fibro  sarcoma  reported  to  be  of  low  grade  malignancy 
with  few  mitoses  and  little  cell  atypism,  probablj'  arising  from  the  interosseous  space  or  the 


Fig.  4B.  Fig.  4C. 

Fig.  4B.  Low  power  microscopic  view  of  biops>-  section  of  5/4/56.  Fig  4C.  High  power 
view  of  same  section. 
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Fig.  4D.  X-ray  of  right  forearm  a  few  inoiitlis  postoperative  reseetion  and  graft. 

perio-steum  of  the  vilna  oti  its  radial  surface.  The  alternatives  here  were  amputation  above 
the  elbow  or  attempt  at  radical  local  e.xcision.  Because  of  the  nature  of  the  pathologic  re- 
port and  the  atypical  roentgen  findings,  the  local  resection  and  excision  were  performed  as 
radically  as  possible  removing  the  entire  involved  i)ortion  of  the  ulna  with  grafting.  Subse- 
quently no  sign  of  recurrence  has  been  evident  in  the  interval  but  the  period  of  follow-up 
is  too  short  to  be  certain.  At  re-operation  to  perform  additional  grafting,  no  sign  of  tumor 
tissue  was  in  evidence.  It  is  now^  two  years  since  the  original  operation. 

Case  M5 

The  patient  was  a  45  year  old  woman  with  a  history  of  six  months  of  pain  in  the  upper 
third  of  the  right  leg,  worse  in  the  past  three  months.  A  mass  was  noted  on  the  medial 
aspect  of  the  upper  third  of  the  tibia  for  about  I'  i  months.  She  was  admitted  to  the  hospital 
on  8/15/51. 

The  medial  anterior  aspect  of  the  upper  third  of  the  right  tibia  presented  an  irregular, 
tender,  soft  tumor  expanding  and  perforating  the  tibia,  about  the  size  of  a  lemon,  not 
adherent  to  the  skin.  There  was  softness  at  the  center. 

Laboratory  studies  were  negative  except  for  the  x-ray  findings  and  pathology.  X-ray 
(figures  5A  and  5B)  showed  localized  enlargement  of  the  tibia  at  about  5  inches  below  the 
knee  joint.  There  was  a  lesion  in  the  marrow  cavity  3  inches  long,  sharply  circumscribed 
superiorly,  inferiorly  and  laterally  by  a  calcific  rim  about  3  mm.  in  diameter.  Medially 
there  was  destructive  change  for  a  distance  of  about  2  inches  with  periosteal  reaction  of 
horizontal  spiculation.  The  cortex  in  this  lytic  area  was  replaced  by  the  mass.  There  was  a 
suggestion  of  an  old  benign  lesion  which  had  undergone  malignant  change. 

Biopsy  was  done  on  8/17/51.  The  periosteum  on  the  medial  side  was  intact  but  bulging. 
A  large  plug  was  exci.sed.  Skeletal  survey  and  chest  x-ray  on  8/17/51  were  negative  for 
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metastases.  Pathologic  report  was  central  fibrosarcoma — said  to  be  a  very  low  grade  malig- 
nanc}'  in  a  pre-existing  fibrous  dysplasia  (figures  5C  and  5D).  Blood  chemistries  were  nega- 
tive, blood  counts  normal.  Sedimentation  rate  8/16,  37;  8/27  post-biopsy,  52  mm.;  9/4,  79 
mm.;  9/26,  42  mm. 

Operation  was  done  on  9/29/51  by  cylindrical  resection  (figure  5E)  of  the  tibia  with  re- 
moval of  the  entire  lesion  plus  H  inch  above  and  below  with  1  inch  of  shortening.  Bridging 
of  the  gap  was  accomplished  by  a  free  autogenous  intramedullary  graft  of  5  inches  of  fibular 
shaft  and  an  onlaj'  graft  from  the  bone  bank  plus  reverse  L-shaped  blade  plate  fi.xation 
piercing  the  short  upper  fragment  and  covering  the  bank  bone  graft  (figure  5F).  The  previ- 
ous biopsy  soft  part  wound  and  the  skin  wound  were  excised  with  the  bone  via  an  elliptic 
incision  not  exposing  tumor  at  the  site  of  cortical  perforation.  Instruments  were  changed 
after  removal  of  the  bone  tumor.  Cancellous  bone  fragments  from  the  bone  bank  were  also 
packed  in  and  around  the  fibula  and  between  it  and  the  large  onlaj'  graft  of  bank  bone  and 
between  the  ends  of  the  tibia. 

The  section  of  tibia  removed  was  3,1^  inches  long.  The  final  defect  was  2},i  inches.  A.  long 
leg  cast  was  applied  and  1,500  cc.  of  blood  given.  The  procedure  was  done  under  tourniquet — 
thrice  released  hourly.  The  post -operative  course  was  uneventful.  The  wound  healed  by 
primary  union. 

The  patient  was  followed  in  the  out-patient  department  with  regular  monthly  films 
which  seemed  to  show  healing  and  vascularization  of  bone  grafts  filling  in  the  defect. 

One  week  prior  to  readmission  x-ray  showed  a  lytic  area  with  destruction  of  the  tibial 
cortex  about  one  of  the  screws  (figure  5G).  There  was  also  recurrence  of  pain  and  a  soft 
tissue  mass  was  noted  just  below  the  knee  anteriorly.  There  was  1  inch  of  shortening.  X-ray 
of  the  chest  was  negative. 

Operation:  Mid  thigh  amputation  was  done  after  prior  biopsy  (figures  5H  and  51)  on 
9/19/52.  Pathologic  report  had  shown  recurrent  fibrosarcoma  (figure  5Jj.  A  large  tumor 


Fig.  5A.  Fig.  oB. 

Fig.  5A.  Original  tumor  of  right  tibia,  AP,  taken  8/26/51  postbiopsy  but  pre-resection . 
Fig.  oB.  Lateral  view,  same  time,  same  lesion. 
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Fig.  51.  High  power  view,  microscopic  section  of  same  biopsy  specimen.  Fig.  5J.  Gross 
amputation  specimen  showing  the  recurrent  tumor  in  the  upper  tibia. 
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mass  6  em.  in  diameter,  had  replaced  the  origin  of  the  til)ialis  anterior  and  also  extended 
postero-laterally.  The  bone  grafts  were  all  united  and  well  vascularized.  Both  hank  bone 
and  fibular  grafts  were  united  above  and  below.  Tumor  tis.sue  filled  the  marrow  cavity  of  the 
tibia  and  extendeil  into  the  soft  tissues  of  the  interosseous  sjjace.  It  was  attached  to  the 
periosteum  of  the  head  of  the  fibula.  .\  branch  of  the  popliteal  and  pos((>ri()i-  tiliial  artery 
were  noted  within  the  mass. 

Post-operative  healing  of  the  amputation  was  uneventful. 

Four  weeks  prior  to  the  third  admission  on  2/28/53,  there  was  cough  and  jjain  in  the  right 
posterior  chest  at  the  9th  and  lOth  intersjjaces  with  tightness  in  the  chest  antero-superiorly. 
Three  weeks  before  there  was  dyspnea  on  exertion  and  orthopnea.  The  cough  was  associ- 
ated with  flecks  of  blood  in  the  sputum.  On  admission  she  was  acutely  ill  with  fever,  tachy- 
pnea and, cough. 

Sedimentation  rate  was  84  mm.  Sternal  marrow  aspiration  was  negative  for  neoplasm. 
X-ray  on  3/2/53  showed  several  large  nodular  densities  in  both  lungs  and  a  large  right 
pleural  effusion  indicative  of  metastatic  tlisease.  Hemoglobin  tested  on  4/13  was  down  to 
8.9  grams. 

The  patient  had  four  chest  aspirations  producing  serosanguinous  fluid  up  to  one  liter 
each.  No  tumor  cells  were  found  in  the  fluid.  X-ray  therapy  was  suggested  by  radioactive 
gold  to  stop  the  accumulation  of  fluid.  The  jiatient  was  discharged  unimproved. 

Suiiimaii/:  This  was  a  case  of  fibrosarcoma  aj)parently  arising  within  a  pre-existing 
osteitis  fibrosa  cystica,  or  similar  benign  lesion,  but  coming  to  attention  when  it  became 
painful  and  perforated  through  the  subcutaneous  cortex  of  the  tibia.  Because  of  the  original 
pathologic  report  of  low  grade  fibrosarcoma  with  extremely  few  mitoses,  and  the  apparently 
localized  nature  of  the  lesion  radical  excision  locally  and  bone  grafting  with  internal  fixation 
was  attempted,  instead  of  the  obvious  mid  thigh  amputation  ordinarily  indicated  in  a 
malignant  sarcomatous  tumor  of  a  main  weight  bearing  bone  of  a  lower  limb.  Although  the 
grafting  procedure  .seemed  to  be  successful  and  bony  union  was  well  under  way  a  year  later, 
recurrence  of  the  tumor  destroyed  the  result.  Late  amputation,  even  though  no  metastases 
were  evident,  proved  unavailing  and  she  died  of  metastatic  pulmonary  and  pleural  disease. 
Thus,  the  diagnosis  of  low  grade  fibrosarcoma  was  not  borne  out  by  the  results,  indicating 
the  difficulties  in  judgment  in  a  case  of  this  type. 

DISCTS.SIO.N 

Table  I  .stimmarizo.s  the  diagiiosLs,  indications  t'of  therapy,  Ijiop.sy  reports, 
final  pathology  and  results  in  these  five  cases.  Four  of  the  five  cases  could  have 
been  treated  i)y  more  radical  measures  than  were  acttially  employed.  The  choice 
of  the  less  radical  procedure  \vas  done  with  intent.  The  criteria  in  each  case  were 
somewhat  different.  These  included  low  grade,  atypical  or  e\'en  questionable 
malignancy  as  determined  by  pathologic  study  of  a  sizeable  biopsy  specimen 
(four  out  of  five  cases),  po.ssibility  of  apparently  complete  resection  due  to  lack 
of  involvement  of  vital  arteries,  nerves,  and  other  structures  (all  five  cases); 
lack  of  infiltration  into  surrounding  tissues  so  that  a  line  of  demarcation  could 
be  found  outside  which  the  resection  could  be  done;  absence  of  involvement  of 
weight  bearing  bones  retjuiring  extensive  plastic  repair  by  bone  graft  with  its 
long  convalescence  (four  out  of  five  cases).  The  synovial  sarcoma,  mesenchy- 
moma or  spindle  cell  tumor  in  the  infant  was  considered  so  highly  malignant 
that  it  was  felt  little  additional  benefit  would  result  from  ablation  of  the  limb. 

This  serves  to  indicate  in  reverse  the  limitations  of  local  resection.  In  general, 
malignant  tumors  which  have  already  perforated  through  the  cortex  of  long, 
weight  bearing  bones,  especially  infiltrating  growths  such  as  osteogenic  sarco- 
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mivta,  or  highcM-  grades  of  inalifj;n;uicv  in  fihrosarcomata,  choiulrosarcoinata, 
rhabdosarc'omata  otc.  which  aro  iKMii^hcral  t'liough  slionld  1h'  treated  l)y  ampu- 
tation. It  must  he  emphasized  tluit  those  presented  cases  are  the  exceptional 
cases  to  be  carefully  selected  since  the  risk  of  failure  is  always  f^reat  and  failure 
usually  means  fatality.  In  this  .•series,  the  indications  are  that  the  result  is  or 
will  he  successful  in  four  out  of  five  cases.  In  the  one  failure,  it  is  po.ssihle  in 
retrospect  that  in  addition  to  the  perforation  antero-medially,  there  may  also 
have  been  another  not  detected  pre-operatively  on  the  deep  or  lateral  surface 
of  the  tibia  as  .shown  by  the  location  of  the  recurrence.  It  .serves  to  emphasize 
the  danger  of  such  treatment  in  long,  weight  bearing  bones  where  perforation 
of  the  cortex  has  already  occurred.  The  need  for  complicated  grafting  proce- 
dures, wide  dissection  and  prolonged  time  re(iuired  for  bone  consolidation 
enough  to  permit  free  function  in  weight  l)earing  are  additional  reasons  for  cau- 
tion in  consiilering  resection  of  major  weight  l)earing  bones.  It  also  indicates 
that  pathologic  grading  of  the  tumor  as  of  very  low  malignancy  is  no  guaranty 
of  success  in  local  resection,  although  very  important  in  considering  and  plan- 
ning the  type  of  surgery. 

CONCLrsiON.S  AND  SUMMARY 

1.  The  ordinary  treatment  of  musculo-skeletal  malignant  tumors  of  the  ex- 
tremities remains  proximal  amputation  where  feasible. 

2.  Exceptions  are:  a.  Unusually  radiosensitive  tumors  likely  to  be  multicentric 
(such  as  Ewing's  tumor,  reticulum  cell  sarcoma  etc.)  b.  Some  atypical  tumors  as 
in  the  five  cases  presented  in  this  paper. 

8.  In  the  latter,  radical  resection,  local,  may  be  done  instead  of  amputation 
but  the  ca.ses  must  be  carefully  selected. 

4.  Some  factors  in  the  selection  include:  a.  Size  of  the  tumor  and  its  degree 
of  localization  so  that  it  is  contained  within  a  particular  bone  or  muscle,  b. 
Resectability  without  .sacrifice  of  vital  structures  which  would  render  the  limb 
useless  or  devitalized,  c.  Encapsulation  or  regional  localization  so  that  excision 
is  possible  in  toto  without  entrance  into  the  mass  and  inclusive  of  the  biopsy 
site.  d.  Degree  of  malignancy  as  indicated  by  the  histological  study  of  the  bi- 
opsy and  clinical  invasiveness.  Especially  if  there  is  difference  of  opinion  among 
competent  pathologists  as  to  the  presence  of  malignancy  or  if  there  is  agreen>ent 
as  to  the  low  grade  of  malignancy  of  the  tumoi-,  local  resections  may  be  con- 
sidered, e.  High  grade  malignancies  may  also  be  considered  for  such  therapy  if 
proximal  in  the  liml)  so  that  the  difference  in  certainty  of  excision  is  not  great 
.as  between  amputation  and  resection,  each  ca.se  to  be  judged  individuallj'.  f. 
Large  tumors  of  weight  bearing  bones,  involving  complicated  grafting  replace- 
ment, prolonged  convalescence  and  con.solidation  time  for  useful  function  should 
not  be  treated  this  way  except  in  \-ery  special,  otherwise  favorable  cases  from 
all  the  above  standpoints,  g.  Perforation  of  such  malignant  tumors  through  the 
bony  cortex,  especially  of  a  long  bone,  indicating  aggressiveness  in  the  growth, 
renders  local  recurrence  extremely  likely  despite  what  may  appear  a  low  grade 
malignancy  on  histologic  .study  of  the  biopsy.  Ordinarily,  this  should  favor 
therapy  by  amputation  rather  than  by  local  resection. 
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VlYK  YK.VR  SrR\  I\'AL  AFTER  PAXCREATODrODENECTOxMY  FOR 
CARCIXOALV  OF  TIIK  HEAD  OF  THE  PANCREAS 


Cask  Rki'uht  and  Rkview  of  thk  Literature 
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Tho  pi'of^iiosis  of  primary  carciijioinu  of  the  head  of  the  pancreas  treated  by  any 
method  is  poor.  A  survival  time  of  longer  than  fi\-e  years  has  been  reported 
occasionally  in  patients  with  islet  cell  carcinoma  and  cystadenocarcinoma  of  the 
head  of  the  pancreas  (12,  l;^).  On  the  other  hand,  patients  with  other  vmtreated 
malignant  neoplasms  of  the  head  of  the  pancreas  ordinarily  survive  less  than 
eighteen  months,  (6,  10,  11,  20),  with  a  usual  survival  time  of  three  weeks  to  six 
and  a  half  months  (8,  10).  Patients  treated  with  palliative  biliary-intestinal 
anastomosis  survi\'e  under  29  months  (10),  with  a  usual  survival  time  of  four  to 
fourteen  months  (8,  9,  11,  20).  Only  pancreatoduodenectomy  has  resulted  in 
prolonged  survival  times,  with  averages  ranging  from  10  to  26  months  (8,  9, 
10,21). 

Since  the  report  of  Whipple  in  193.5,  pancreatoduodenectomy  with  various 
modifications  has  been  extensively  employed  for  all  tumors  in  the  region  of  the 
head  of  the  pancreas  (14).  To  our  knowledge,  despite  its  extensive  use,  there 
have  been  onlv  13  documented  cases  of  primary  carcinoma  of  the  head  of  the 
pancreas  which  ha\'e  survived  the  operation  five  years  or  more,  again  excluding 
cases  of  cystadenocarcinoma  and  islet  cell  carcinoma  (Table  I).  Because  of  the 
rarity  of  prolonged  sur\-i\'al  of  carcinoma  of  the  pancreas,  the  following  case  is 
presented. 

CASE  REPORT 

A  70  year  old  woman  was  admitted  to  The  Alount  Sinai  Hospital  for  treatment 
of  diabetes  mellitus  and  e\'aluation  of  her  status  following  pancreatoduodenec- 
tomy performed  for  carcinoma  of  the  head  of  the  pancreas  five  and  a  half  years 
previously.  The  patient  was  well  until  July  1950,  at  which  time  she  noted  epi- 
gastric pain  made  worse  by  food  intake.  In  April  1951,  she  noted  anorexia, 
persistent  nau.sea,  loo.se  stools  and  progressive  weakness.  Several  weeks  prior  to 
admis.sion  to  Memorial  Hospital  in  Xew  York  in  June  1951,  she  noted  jaundice, 
light  stools,  dark  urine  and  pruritus.  There  was  a  lo.ss  of  13  pounds  during  the 
preceding  three  months. 

On  physical  examination,  she  was  found  to  be  icteric;  the  liver  was  enlarged 
four  centimeters  below  the  right  costal  margin;  the  gall  bladder  was  palpable  and 
non  tender. 

Laboratory  findings  prior  to  the  operation  were:  Hemoglobin,  11.8  gm.  per  100 
cc;  white  blood  cell  count,  5,300  per  cu.  mm.;  eo.sinophiles  8  per  cent  and  shift 
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TABLE  I 


Author 

Year 

Survival  of  Patient 

Remarks 

Cattel,  R.  B.,  Warren,  K.  W.' 

1953 

5  years 

Died 

6  years  5  months 

Living  and  well 

Dennis,  C,  Varco,  R.  L.^ 

1956 

9  years  9  months 

Died  of  heart  disease 

6  years  5  months 

Living  and  well 

5  years 

5  years 

Pratt,  J.  H.,  Welch,  U.  S.' 

1956 

8  years 

Living  and  well 

Miller,  E.  M.,  Clagett,  0.  T.^ 

1951 

5  years  3  months 

Living  and  well 

Brunschwig,  A.' 

1952 

7  years 

Living  and  well 

Clifton,  E.  E.'^ 

1952 

5  years  5  months 

-Died.     Probable  metastatic 

carcinoma 

6  years  3  months 

Living  and  well.  Primary  site 

of  carcinoma  questionable 

Muir,  E.  G.- 

1955 

5  years 

Living  and  well  3  years  after 

resection    of    colonic  car- 

cinoma 

Senff,  A.'« 

1951 

5  years 

Ginsburg,  S.  M.  (this  report) 

1957 

6  years  8  months 

Died.   Metastatic  adenocar- 

cinoma 

to  the  left  of  the  differential  count.  Platelet  and  reticulocyte  counts  were  normal. 
On  several  occasions,  transient  glycosuria  was  noted.  Fasting  blood  sugar  was 
172  mg.  per  100  cc;  blood  urea  nitrogen  was  23  mg.  per  100  cc;  serum  bilirubin, 
8.8.mg.  per  100  cc;  direct  bilirubin,  6.3  mg.  per  100  cc;  indirect  bilirubin,  2.5 
mg.  per  100  cc;  cholesterol,  204  mg.  per  100  cc;  cholesterol  ester,  109  mg.  per 
100  cc;  cephalin  flocculation  and  thymol  turbidity,  negative;  alkaline  phos- 
phatase, 9.6  Bodansky  units;  prothrombin  time,  17.0  seconds  (control  13); 
urine  urobilinogen,  6.4  Ehrlich  units.  X-ray  studies  of  the  chest  and  of  the 
gastrointestinal  tract  (barium  enema  and  gastrointestinal  series)  were  reported 
to  be  normal.  The  clinical  diagnosis  was  obstructive  jaundice  due  to  carcinoma  of 
the  pancreas. 

At  operation  at  Memorial  Hospital,  performed  by  Dr.  George  Pack,  in  June 
1951,  the  gall  bladder  was  found  to  be  distended  to  three  times  normal  size  with  a 
two  centimeter  cholesterol  stone  in  its  fundus.  The  common  duct  was  dilated  to 
one  and  a  half  centimeters  in  diameter  and  the  wall  was  moderately  thickened. 
Located  in  the  head  of  the  panci'eas  was  a  nodular  firm  mass,  which  measured 
approximately  two  centimeters  and  was  ill  defined.  There  was  evidence  of  in- 
duration and  fat  necrosis  in  the  body  and  the  tail  of  the  pancreas.  There  was  no 
gross  involvement  of  lymph  nodes  and  none  on  later  microscopic  examination. 
A  partial  pancreatoduodenectomy  was  performed  and  included  resection  of  the 
head  of  the  pancreas,  the  di.'^tal  three  centimeters  of  the  stomach,  the  entire 
duodenum,  and  proximal  fi\  e  centimeters  of  the  jejunum  (Figure  1)  as  well  as 
choledochojejunostomy  and  gastrojejunostomy.  The  end  of  the  pancreas  was 
closed  without  anastomosis  to  the  intestinal  tract. 
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Fig.  1.  Posterior  view  of  opened  resected  specimen.  Note  common  duct  witli  in.'<erted 
probe,  distal  to  it  the  pancreatic  tumor  (Tl.  and  lielow  it  noiinal  pancreatic  tissue  (P). 


The  pathological  r(>i)ort  was  adciiocarcinoina,  f>;racle  JI,  of  the  head  of  the 
pancreas  iiifihratiiig  the  iiuisciilaris  and  siihnuicosa  of  the  (hiodenum.  Thei'o  was 
invasion  of  the  p(>rineufal  lymphatics  in  the  head  of  the  pancreas.  There  was  no 
invasion  of  the  connnon  duct  by  tumor. 

The  patient's  postoperative  coiir.se  was  complicated  by  a  hypokalemic  al- 
kalosis, which  responded  to  potassium  therapy,  and  a  febrile  episode  which  was 
treated  with  antibiotics.  Xo  postoperative'  fistula  developed.  Her  l)ilirubin  fell 
to  1.7  nig.  per  100  cc.  At  the  time  of  discharge  on  the  twenty-seventh  hospital 
day,  she  was  doing  well  on  a  high  protein,  low  fat  diet,  supplementary  vitamins, 
relatively  small  amounts  of  panci-eatic  extract,  and  20  to  25  units  of  jjrotamine 
zinc  insulin  for  control  of  glycosuria.  With  excessive  fat  intake,  or  after  discon- 
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tinuation  of  the  pancreatic  extract,  there  was  mild  diarrhea  of  four  loose  bowel 
movements  a  day.  Her  weight  had  been  constant  at  110  pounds  from  July  1951 
to  November  1956,  when  she  was  admitted  to  The  Mount  Sinai  Hospital. 

The  patient's  family  history  was  significant  in  that  her  sister  had  diabetes 
mellitus. 

Physical  examination:  The  vital  signs  were  normal.  The  blood  pressure  was 
140/65  mm.  Hg.  She  was  a  well  developed  thin  woman  appearing  in  good  health. 
Funduscopic  examination  showed  no  diabetic  retinopathy.  The  heart  and  lungs 
were  within  normal  limits.  A  right  upper  quadrant  scar  was  present.  The  liver 
was  palpable  two  centimeters  below  the  right  costal  margin.  The  spleen  was  not 
palpable. 

Laboratory  findings:  Urinalysis  was  normal  except  for  glycosuria.  The  hemo- 
globin was  13.2  gm.  per  100  cc;  red  blood  cell  count,  4,400,000;  hematocrit, 
40.5  per  100  cc;  white  blood  cell  count,  5,200  with  62  per  cent  polymorphonuclear 
leukocytes,  30  per  cent  lymphocytes,  4  per  cent  eosinophiles,  and  4  per  cent 
monocytes;  platelet  count,  198,000  per  cmm.;  reticulocytes,  2.2  per  cent.  The 
sedimentation  rate  was  38  mm.  in  1  hour.  The  fasting  blood  sugar  was  251  mg. 
per  100  cc;  blood  urea  nitrogen,  17  mg.  per  100  cc;  albumen,  4.0  gm.  per  100 
cc;  globulin,  2.7  gm.  per  100  cc;  bilirubin,  0.7  mgm.  per  100  cc;  cholesterol,  161 
mg.  per  100  cc;  alkaUne  phosphatase,  23.2  King  Armstrong  units;  cephalin 
flocculation,  negative;  prothrombin  time,  15  seconds  (control  12  seconds);  sul- 
fobromophthalein  test,  2.5  per  cent  retention  in  45  minutes;  calcium,  10.1  mg.  per 
100  cc;  phosphorus,  2.7  mg.  per  100  cc;  amylase,  31  units  per  100  cc  ]\Iicro.scopic 
examination  of  the  stool  revealed  no  excessive  fat,  undigested  meat  fibers  or 
increased  starch.  Quantitative  studies  on  a  low  fat  diet  revealed  a  fecal  fat  ex- 
cretion of  25.1  gm.  in24  hours  (normal  values  under  5  gm.).  The  stool  guaiac  test 
was  negative.  A  glucose  tolerance  test  using  100  gm.  glucose  orally  showed  the 
following  results:  fasting,  236  mg.  per  100  cc;  H  hour,  420  mg.;  1  hour,  425  mg. ; 
2  hours,  450  mg. ;  3  hours,  178  mg.  The  Schilling  test  was  normal,  the  patient 
excreting  in  the  urine  32.5  per  cent  of  the  ingested  dose  of  radioactive  cobalt 
Bi2.  The  vitamin  A  tolerance  showed  the  following  values:  fasting  42  micrograms 
per  100  cc;  4  hours,  38  micrograms  per  100  cc;  6  hours,  47  micrograms  per  100 
cc;  8  hours,  45  micrograms  per  100  cc.  (22).  The  carotene  tolerance  was  per- 
formed and  was  flat.  Intestinal  intubation  studies  revealed  no  pancreatic  function 
after  secretin  with  a  maximum  bicarbonate  concentration  of  28  mEq.  per  liter, 
a  maximum  value  of  0.38  cc.  per  kg.  and  a  duodenal  amylase  of  0.3  micrograms 
per  kg.  (23). 

X-ray  studies  of  the  chest  Avere  normal.  X-ray  examination  of  the  skull  and 
long  bones  showed  considerable  demineralization.  Gastrointestinal  series  showed 
a  functioning  gastrojejunostomy  with  no  disease  in  the  region;  there  was  normal 
progression  of  the  barium  through  the  small  intestine. 

The  patient's  diabetes  was  well  controlled  on  20  to  30  units  of  XPH  insulin 
daily.  When  insulin  was  gradually  replaced  by  3.0  gm.  of  tolbutamide,  pohau'ia, 
polydipsia,  glycosuria  and  hyperglycemia  appeared.  The  tolbutamide  was  dis- 
continued and  the  diabetes  was  again  well  controlled  with  insulin.  On  a  regular 
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diet  with  limited  fat  intake,  without  paiicreatie  extract,  tliere  was  no  diarrhea 
and  the  weight  was  maintained.  In  July  M).")?,  more  than  six  years  ai't(M-  the 
panereatoduodenectomy,  she  was  l'eelin<>;  moderately  well.  However,  on  (luestion- 
ing  she  stated  that  sh(>  had  l)egun  to  experience  mild  (epigastric  i)ain  occurring  one 
half  hour  after  (>ating,  which  radiated  to  the  l)ack,  was  worse  in  the  sajjine 
position,  and  was  relieved  by  sitting  u]).  The  spl(>en  was  pal])at(><l  two  centi- 
meters below  the  left  costal  margin. 

COMMENT 

The  impression  based  on  a  survey  of  the  literature  is  that  pancreatoduo- 
denectomy compared  to  palliative  biliary-intestinal  anastomosis  results  in 
prolongation  of  life.  However,  only  good  risk  patients  in  whom  sur\  ival  would 
be  expected  to  be  longer  are  being  selected  for  pancreatoduodenectomy  (10).  The 
indication  for  employment  of  pancreatoduodenectomy  foi-  carcinoma  of  the 
pancreas  varies  among  surgeons.  There  are  those  who  are  against  the  use  of 
pancreatoduodenectomy  because  of  the  few  "cures"  achieved  in  carcinoma  of  the 
head  of  the  pancreas,  high  mortality  rates  of  the  complicated  prolonged  oper- 
ation, and  usually  long  and  complicated  postoperative  course.  The  conseiisus  of 
opinion  appears  to  be  that  this  procedure  is  indicated  where  the  carcinoma  is 
small  and  easily  resectal>le  (1,8,  24,  25).  In  the  opinion  of  some,  pancreatoduo- 
denectomy may  be  used  as  a  palliati\'e  i)rf)cedure  in  well  selected  cases  with 
regional  metastases  to  nodes  but  with  no  distant  metastases  (2,  5,  9). 

It  is  of  interest  that  of  the  14  patients  operated  iov  primary  carcinoma  of  the 
pancreas  whose  survival  proved  to  be  greater  than  five  years,  some  presented 
extension  of  the  disease  into  the  surrounding  structures.  Study  of  the  resected 
specimens  showed  duodenal  invasion  in  live  cases  including  our  own  case 
(2,  3,  4,  6)  local  lymph  node  involvement  in  three  cases  (o,  4,  0)  and  invasion  of 
the  common  duct  in  one  case  (6).  The  duration  of  abdominal  pain  need  Jiot 
necessarily  contraindicate  pancreatoduodenectomy  since  in  two  of  the  patients 
with  more  than  five  year  survival  there  are  reports  of  abdominal  pain  for  one 
year  (3,  4). 

There  is  general  agreement  against  the  use  of  the  proceduie  in  patients  with 
portal  vein  involvement,  and  with  advanced  di.sease  (1,  7,  24,  2()).  The  mortality 
of  the  procedure  is  considered  l)y  some  to  be  no  higher  than  palliative  biliary- 
intestinal  anastomosis,  varying  from  14  to  33  per  cent  (1,  (i,  9,  2()).  As  the  in- 
dications for  pancreatoduodenectomy  become  more  clearly  defined,  the  operative 
mortality  is  expected  to  decline  (1,  9).  Five  year  survival  with  primary  cai'cinoma 
of  the  head  of  the  pancreas,  excluding  the  i.slet  cell  carcinomas  and  cystadeno- 
carcinomas,  is  assumed  to  be  "cure".  Exception  is  taken  to  this  statement  (5). 
One  of  the  cases  reviewed  died  of  metastases  probal)ly  from  the  original  tumf)r 
(()).  The  patient  presented  in  this  report,  who  has  survived  over  six  years  follow- 
ing radical  pancreatectomy,  has  been  complaining  recently  of  epigastric  pain, 
suggestive  of  recurrence  of  carcinoma. 

Despite  the  extensive  mechanical  and  physiological  alteration  of  the  gastro- 
intestinal tract  as  the  result  of  siu'gery,  and  especiallj'  ligation  of  the  pancreatic 
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duct  without  anastomosis  to  the  intestine  in  the  case  presented,  only  mild 
symptoms  of  malabsorption  were  observed,  which  could  easily  be  controlled  with 
diet.  Nevertheless,  on  investigation  flat  vitamin  A  tolerance  test,  flat  carotene 
tolerance  test,  with  a  low  serum  carotene  level  and  increased  fat  excretion  in  the 
stools  were  seen,  indicating  poor  absorption  of  fat.  Malabsorption  of  protein  has 
been  observed  in  some  patients  after  this  procedure  (1,  15,  16).  Following  pan- 
creatoduodenectomy and  ligation  of  the  pancreatic  duct,  varying  degrees  of 
malabsorption  has  been  described  (1,  6,  15,  16).  In  patients  who  do  not  develop 
symptoms  of  malabsorption,  one  of  the  following  changes  may  occur:  spontaneous 
fistula  between  the  pancreas  and  the  intestinal  tract  resulting  in  return  of  pan- 
creatic secretions  to  the  intestinal  tract  (1,  15,  16),  sufficient  digestion  of  fat 
and  protein  by  digestive  enzymes  in  other  parts  of  the  gastrointestinal  tract  (1), 
and  finally  presence  of  functioning  pancreatic  tissue  in  the  intestinal  tract  (5). 
There  is  general  agreement  that  anastomosis  of  the  pancreas  to  the  intestinal 
tract  at  the  time  of  pancreatoduodenectomy  should  be  performed  (1,  2,  5,  8,  9, 
15,  16,  27). 

In  nine  to  27  per  cent  of  patients  with  carcinoma  of  the  pancreas  glycosuria 
is  present,  (17,  28)  in  12  to  20  per  cent  hyperglycemia  is  noted  (17,  25)  whereas 
78  to  85  per  cent  show  abnormally  high  glucose  tolerance  curves  (8,  19,  28,  29). 
There  has  been  considerable  controversy  as  to  whether  diabetes  mellitus  is  a 
predisposing  factor  for  the  development  of  carcinoma  of  the  pancreas.  The  con- 
troversy arose  because  of  the  difficulty  in  distinguishing  abnormal  carbohydrate 
metabolism  associated  with  carcinoma  of  the  pancreas  from  independent  "pri- 
mary" diabetes  mellitus.  In  the  patient  presented,  glycosuria  and  hj^perglycemia 
were  noted  at  a  time  when  the  diagnosis  of  carcmoma  of  the  pancreas  was  made. 
One  sister  had  diabetes  suggesting  that  the  patient  was  at  least  predisposed  to 
diabetes  mellitus.  Patients  in  whom  glycosuria  was  discovered  prior  to  the 
diagnosis,  had  no  increased  incidence  of  carcinoma  of  the  pancreas;  the  incidence 
of  hyalinization  of  the  isles  of  Langerhans  and  of  renal  arteriosclerosis  was  lower 
in  these  patients  than  in  those  in  the  pre-existing  ''primary"  diabetes  group 
(17).  In  contrast,  the  proportion  of  carcinoma  of  the  pancreas  to  other  malig- 
nancies is  considerably  higher  among  diabetic  patients  (17,  18). 

Concerning  therapy  it  has  been  suggested  that  patients  with  pancreato- 
duodenectomy be  placed  on  a  high  protein  diet,  with  reduced  fat  content  (120  to 
140  grams  of  protein  and  50  to  70  grams  of  fat).  This  type  of  diet  increa.ses  pro- 
tein absorption  and  limits  the  development  of  symptoms  resulting  from  excessive 
fat  excretion.  In  patients  with  considerable  impairment  of  intestinal  absorption, 
pancreatin  in  large  doses  (5  grams  or  more  three  times  a  day)  is  advised.  Pan- 
creatin  has  been  shown  to  increase  the  intestinal  absorption  of  protein  and  fat 
even  in  patients  presenting  no  symptoms  due  to  malabsorption  (15). 

SUMMARY 

Five  year  survivals  following  pancreatoduodenectomy  for  carcinoma  of  the 
head  of  the  pancreas  are  reviewed.  An  additional  case  that  has  lived  more  than 
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six  years  after  the  operation  is  presented,  the  fourteenth  ease  in  the  literature. 
The  indications  foi'  pancreatotluodenectomy  in  carcinoma  of  the  head  of  the 
pancreas,  nietal)<)lic  aherations  and  survival  rates  are  discussed. 

ADDKXOrM 

Since  this  paper  has  been  prepared  for  publication,  September  1957,  the 
patient  was  readmitted  to  the  hospital  in  October  and  in  November  1957  be- 
cau.se  of  weight  loss,  epigastric  pain  and  abdominal  swelling.  There  was  ascites 
and  hepatomegaly.  She  developed  an  abscess  in  the  right  upper  ([uadrant  scar 
which  was  inci.sed  and  drained  of  a  large  cjuantity  of  pus.  A  fistulous  tract  de- 
veloped at  this  site,  which  continued  to  drain  biliary  and  fecal  material  for  three 
months.  X-ray  examination  of  the  abdomen  after  instillation  of  lipiodol  into  the 
fistulous  tract,  showed  a  collection  of  lipiodol  in  the  infrahepatic  region,  which 
assumed  the  shape  of  a  gall  bladder.  Examination  of  the  cell  block  of  the  ascitic 
fluid  on  two  occasions  was  not  diagnostic  of  malignancy.  Microscopic  examina- 
tion of  needle  biopsy  specimen  of  the  liver  showed  no  evidence  of  tumor.  The 
patient  became  progressively  icteric  and  cachectic.  An  exploratory  laparotomy 
was  performed  and  a  small,  hard,  immobile  retrogastric  mass  was  palpated.  This 
was  thought  to  be  metastatic  carcinoma.  The  patient  died  four  days  after  the 
operation,  March  4,  1958. 

At  postmortem  examination,  there  was  a  5  cm.  mass  inferior  to  the  liver  which 
grossly  appeared  necrotic.  Microscopic  examination  showed  this  mass  to  be  com- 
posed of  adenocarcinoma  and  necrotic  tissue.  The  proximal  stump  of  jejunum 
traversed  the  mass.  The  common  duct  and  pancreatic  duct  ended  in  the  mass. 
The  common  duct  was  dilated  considerably  and  there  was  a  stone  which  almost 
cornpletely  occluded  the  lumen  in  its  distal  portion  near  the  mass.  Stones  were 
impacted  in  the  hepatic  ducts.  The  gall  bladder  was  intact  and  was  somewhat 
thickened  and  fibrotic.  In  the  liver,  there  were  several  scattered  2  to  3  cm. 
nodules  which  on  microscopic  examination  revealed  adenocarcinoma.  In  addition, 
there  were  multiple  small  abscesses  in  the  liver,  probably  due  to  cholangitis 
secondary  to  the  biliary  obstruction.  Additional  sites  of  metastatic  adeno- 
carcinoma were  to  the  lumbar  para-aortic  nodes,  nodes  near  the  hilum  of  the 
liver,  and  to  both  lungs  subpleurally.  The  pancreatic  duct  was  dilated  and 
thickened.  The  residual  8  cm.  pancreas  grossly  appeared  somewhat  atrophic. 
On  microscopic  examination,  no  acinar  tissue  was  seen,  the  acinar  tissue  being 
replaced  by  fibrous  tissue.  The  isles  of  Langerhans  were  normal  in  appearance 
and  were  situated  unusually  close  to  each  other.  The  spleen  was  slightly  en- 
larged. Xo  fistulous  tract  was  demonstrated. 
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NEUROLOGICAL  MANIFESTATIONS   OF  ACUTE  PORPHYRIA 


ALLEN  SILVERSTEIN,  M.D. 
New  York,  N.Y. 

The  purpose  of  this  report  is  to  review  the  neurological  manifestations  of 
acute  porphyria  as  seen  in  a  general  hospital  over  a  twenty-year  period.  The  dis- 
charge diagnosis  of  all  admissions  to  the  Mount  Sinai  Hospital  since  1939  were 
reviewed.  The  diagnosis  of  acute  porphyria  had  been  coded  for  eighteen  dififerent 
patients;  however,  this  diagnosis  was  adequately  confirmed  in  only  ten  patients. 
The  analysis  of  these  ten  proven  cases  of  prophyria,  together  with  a  review  of 
the  literature — with  emphasis  on  the  neurological  complications — provides  the 
substance  of  this  report. 

DEFINITIONS 

The  porphyrins  are  pigments  with  a  basic  chemical  structure  of  four  pyrrole 
rings  linked  by  methene  bridges.  The  porphyrias  are  diseases  in  which  there 
are  increased  quantities  of  uroporphyrins  in  the  urine.  This  is  in  contradistinction 
to  the  porphyrinurias  in  which — as  a  manifestation  of  other  disease  states — 
there  are  increased  amounts  of  porphyrins  other  than  uroporphyrins  in  the 
urine.  Some  of  the  diseases  of  interest  to  the  neurologist  which  can  produce 
porphyrinuria  include  acute  poliomyelitis,  pellagra,  lead  and  arsenic  poisoning, 
Uver  disease,  pernicious  anemia,  and  various  blood  dyscrasias  (1).  The  porphyrias 
have  been  classified  by  Schmid  et  al  (2),  as  shown  in  Table  I.  Neurological  disea.se 
does  not  occur  with  porphyria  erythropoietica  or  pure  porphyria  cutanea  tarda. 
The  neurological  signs  of  mixed  porphyria  are  the  same  as  those  of  acute  inter- 
mittent porphyria.  The  remainder  of  this  report  will  deal,  therefore,  with  acute 
porphyria.  All  ten  of  the  proven  cases  of  porphyria  in  this  series  are  of  the  acute 
variety.  Their  clinical  features  are  summarized  in  Table  II. 

INCIDEXCE 

Acute  porphyria  occurs  usually  between  the  ages  of  20  and  50.  It  is  two  to 
three  times  as  common  in  women  as  in  men.  There  is  strong  evidence  (3-5), 
that  it  is  inherited  as  a  Mendelian  dominant.  Geographical  factors  may  be 
involved  (3,  6). 

The  youngest  patient  in  the  present  series  was  19  and  the  oldest  51.  Six 
patients  were  females.  In  three  patients  there  was  evidence  of  familial  tendency 
of  the  disease:  the  cousin  of  one  had  had  porphyria  diagnosed  elsewhere;  the 
father  of  a  second  died  of  an  illness  characterized  by  abdominal  pain  and  a 
Landry's  paralysis;  the  urine  of  the  sister  of  a  third  was  found  to  contain  porpho- 
bilinogen. 

From  the  Departments  of  Xeuiology  and  Hematology,  The  Mount  Sinai  Hospital,  New 
York,  N.  y. 
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TABLIO  I 
Classificalion  of  the  porphyrias 

I.  Porpliyria  pr>  t liropoietica — congenital  ])li()toscnsitivo  iiorplix  ria,  usually  with 
splenomegaly  and  hemolytic  anemia. 
II.  Porphyria  hepatica — hepatic  disease  or  functional  impairment  frequent 

(A)  Intermittent  acute  type — abdominal  and/or  nervous  manifestations. 

(B)  "Cutanea  tarda"  type — late  appearance  of  jihotosensit ivit.\-  without  other 

manifestations. 

(C)  "Mi.\ed"  type — photosensitivity  with  intermittent   alxlominal  and/or 

nervous  manifestions. 

CLIXICAL  PICTURE 

X on-nciirological  Mnnifcstolions 

Gastrointestinal  symptoms  (abdominal  pain,  constipation,  and  \'omiting)  are 
the  most  frequent  group  of  sj'mptoms.  Such  complaints  were  present  in  95%  of 
the  69  cases  MarkoA-itz  collected  from  the  American  literature  (7).  Abdominal 
pain  was  prominent  in  55  %  of  the  80  cases  analysed  at  the  Mayo  Clinic  by  Martin 
and  Heck  (8),  and  significant  in  85%  of  the  233  cases  studied  in  Sweden  by 
Waldenstrom  (3).  All  ten  of  the  present  cases  had  abdominal  pain  at  some  time 
in  the  course  of  their  disease. 

The  abdominal  pain  can  be  so  severe  that  patients  with  acute  porphyria  are 
frequently  admitted  to  surgical  wards.  Forty-six  per  cent  of  Markovitz's  patients 
were  explored  before  the  diagnosis  of  porphyria  w'as  established  (7).  Four  of  our 
ten  patients  were  similarly  explored  prior  to  diagnosis.  Only  one  was  subjected  to 
surgery  in  this  hospital.  This  patient  was  a  24  year  old  female  who  was  operated 
on  twice  (once  by  a  general  surgeon,  and  once  by  a  gynecologist)  during  the  first 
four  days  of  her  hospitalization,  before  the  diagnosis  of  porphyria  was  considered. 
Multiple  abdominal  scars  are  listed  as  a  frequent  physical  finding  of  the  disease. 

The  pas.sage  of  dark  or  red  urine,  or  urine  which  becomes  dark  on  standing 
(as  the  colorless  porphobilinogen  is  changed  to  the  pigmented  porphyrins)  is 
another  frequent  finding  in  the  di-sease.  Fifty  per  cent  of  the  Mayo  Clinic  series 
(8)  and  70%  of  Markovitz's  (7)  series  gave  a  history  of  passing  such  urine. 
I"' our  of  our  ten  patients  were  noted  to  pass  similar  urine. 

Hypertension  is  another  common  finding  in  the  acute  phases  of  the  disease. 
Forty-nine  per  cent  of  Markovitz's  (7)  cases  and  40%  of  Waldenstrom's  (3)  had 
significant  blood  pre.ssure  elevations.  It  has  been  reported  that  this  hypertension 
may  be  associated  with  retinal  artery  spasm  (9)  (which  thus  might  explain  the 
blindness  occasionally  noted  in  the  disease);  and  postulated  that  the  ischaemia 
due  to  vasoconstriction  may  be  a  cause  of  some  of  the  neuropathological  changes 
noted  in  the  disease  (10).  Five  of  the  ten  patients  in  the  present  series  had  signifi- 
cant blood  pressure  elevations  in  the  acute  disease  process. 

Other  recorded  non-neurological  signs  and  symptoms  include  tachycardia, 
fever,  pigmentation,  jaundice,  hirsutism,  arthritis,  and  menstrual  irregularities. 
Transient  splenomegaly  (11)  and  purpura  were  noted  in  our  series. 

Neurogenic  mechanisms  have  been  implicated  in  the  pathogenesis  of  some  of 
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the  above  symptoms.  It  has  thus  been  postulated  that  the  abdominal  pain  and 
other  gastro-intestinal  symptoms  are  due  to  involvement  of  the  parasympathetic 
nervous  system  (12);  and  that  the  hypertension  and  tachycardia  may  reflect 
IX'*'  and  X'**  cranial  nerve  lesions  and  interference  with  the  sinoaortic  "buffer" 
systems  (13). 

Neurological  Manifestations 

It  is  probable  that  every  portion  of  the  nervous  system  can  be  involved  by 
the  disease.  The  clinical  symptoms,  however,  can  conveniently  be  divided  into 
three  groupings:  (a)  those  of  peripheral  nerve  dysfunction — with  or  without  an 
associated  myelo-radiculopathy ;  (b)  those  of  cerebral  dysfunction;  and  (c)  those 
of  brain  stem  dysfunction.  Signs  and  symptoms  related  to  one,  two  or  all  three 
groupings  may  be  found  at  one  time  or  at  different  times  in  the  individual 
patient.  It  is  also  possible  to  have  porphyria  without  any  neurological  finding. 

The  peripheral  neuropathy  includes  muscle  weakness  and  atrophy  (which  is 
marked  proximally  as  distally),  transient  or  persistent  diminution  or  loss  of  deep 
tendon  reflexes  (the  ankle  jerks  may  remain  while  the  knee  jerks  are  absent  (14)), 
and  severe  paresthesias  and  dysesthesias  of  the  limbs  (which  can  occur  with  or 
without  objective  sensory  findings).  This  peripheral  nerve  involvement  may  be 
isolated  or  multiple.  The  cerebral  signs  include  organic  mental  states — varying 
from  mild  confusion  to  delirium  and  coma;  convulsions — which  can  be  focal  or 
generalized;  aphasia;  hemianopsias;  and  total  blindness.  Personality  changes 
suggesting  those  of  hysteria  or  schizophrenia  are  recorded.  The  bulbar  difficulties 
•include  dysphagia,  diplopia,  anisocoria,  facial  and  laryngeal  palsies.  A  frequent 
cause  of  death  is  medullary  involvement  as  part  of  a  rapidly  progressing  Landry's 
paralysis.  Although  the  occurrence  of  the  latter  in  porphyria  is  denied  by 
Waldenstrom  (3,  9),  there  have  been  several  well-documented  cases  in  America 
(7,  15-17)  and  Switzerland  (18).  The  only  fatality  in  our  ten  cases  was  a  28-year 
old  female  transferred  from  another  hospital  in  coma  and  hypotensive.  She 
ceased  on  the  second  hospital  day  despite  vasopressors  and  other  supportive 
measures.  Her  history  was  that  of  a  rapidly  progressing  paralysis.  However,  the 
cause  of  death — as  determined  at  autopsy — was  a  large  pulmonary  embolus. 

Seventy-two  per  cent  of  Markovitz's  cases  showed  evidences  of  neuropathy; 
80%  of  his  patients  had  mental  changes  (7).  Forty-two  percent  of  Waldenstrom's 
patients  had  paresis  of  one  or  more  muscle  groups  (3),  and  39%  of  the  Martin 
and  Heck  series  had  clear  evidence  of  central  nervous  system  involvement  (8) . 

Neurological  disease  was  clearly  pre.sent  in  seven  of  our  ten  patients.  Six 
had  weakness  or  atrophy  of  muscle  groups.  This  varied  from  mild  atrophy  of  both 
shoulder  muscles  to  almost  complete  quadriplegia.  Six  patients  had  disturbances 
of  consciousness  of  varying  degrees.  Five  had  absence  of  one  or  more  deep  tendon 
reflexes.  Three  had  grand  mal  convulsions,  while  two  had  loss  of  sensation  sug- 
gesting peripheral  nerve  dysfunction.  Two  patients  had  bulbar  signs  such  as 
dysphagia  and  hoar.seness.  One  was  noted  to  have  nystagmus,  and  one  com- 
plained of  episodic  blurred  vision.  No  other  visual  findings  were  noted. 
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The  post-mortem  findini^s  in  porphyria  are  not  striking.  There  may  he  seg- 
mental dilatations  of  the  small  bowel,  and  slight  focal  necrosis  in  the  lix'er. 
Examination  of  the  nervous  system  may  reveal  patchy  demyelination  in  the 
entire  central  nervous  system,  some  roots  and  especially  autonomic  and  peripheral 
nerves  (10,  19-21).  Chromatolysis  of  cells  in  the  anterior  spinal  cord  and  posterior 
ganglia,  as  well  as  vacuolation  of  some  medullary  cells,  has  been  described.  The 
muscles  show  focal  atrophy  (IG).  Vanotti  has  described  a  di.sea.se  like  acute 
porphrvia,  except  that  there  is  marked  mu.scle  atrophy  with  lo.ss  of  myoglobin 
from  the  muscle  fibers  (22).  The  term  myoporphyria  has  been  applied  to  this 
condition.  A  high  incidence  of  muscular  involvement  has  also  been  noted 
clinically  (5). 

It  is  probable  that  none  of  the  pathological  changes  described  for  the  disease 
are  .specific.  It  has  been  both  claimed  (23)  and  denied  (20,  24)  that  the  central 
nervous  system  contains  increased  (luantities  of  porphyrin. 

Muscle  biopsies  were  performed  in  two  of  our  cases.  Both  showed  focal  "neuro- 
genic" atrophy.  Patchy  demyelination  was  found  in  the  roots  and  peripheral 
nerves  of  the  one  patient  who  succumbed. 

LA BOK ATO KY  FI .VU 1  .VGS 

Leucocytosis  is  not  an  infrequent  finding  and  was  present  in  several  of  our 
cases.  If  the  small  bowel  is  x-rayed,  .segmental  dilations  of  the  gut  may  be  noted 
(12).  There  is  occasional  evidence  of  liver  dysfunction  (8,  25).  Two  of  our  ten 
patients  had  abnormal  bromsulphalein  retention. 

Electroencephalographic  (26-29)  and  electromyographic  (7,  30-32),  abnor- 
malities have  been  described,  and  reports  of  cerebro-spinal  fluid  pleocytosis  (33) 
and  other  abnormalities  (32)  have  appeared. 

Chemical  analysis  of  the  urine  reveals  that  it  contains  large  (juantities  of 
uroporphyrin  III  or  I  (34,  1)  and  increa.sed  amounts  of  coproporphyrin  III.  These 
porphyrins  are  combined  with  zinc,  and  the  increased  zinc  excretion  in  the  in'ine 
has  been  reported  to  be  a  characteristic  finding,  which  correlates  well  with  the 
course  of  the  disease  (27).  The  stool  also  contains  porphyrins,  and  is  reported  to 
fluoresce  readily  (0). 

The  mo.st  significant  and  most  readily  determined  laboratory  finding  is 
porphobilinogen  in  the  urine.  This  was  found  to  be  present  in  (i8%  of  the  Martin 
and  Ileck  cases  (8),  80%  of  !Markovitz's  (7),  and  in  nine  of  the  present  .series. 
The  presence  of  porphobilinogen  as  determined  by  the  Watson-Schwartz  re- 
action (35)  is  highly  specific  for  the  di.sease  (36),  although  a  few  false  positives 
have  been  reported  (37 ) . 

ETIOLO(;V  AM)  PATHOCiEXK.SIS 

The  cause  of  porphyria  is  unknown.  Infection  has  been  mentioned  frequenth' 
as  a  precipitating  factor,  but  little  proof  of  this  could  be  found  in  the  literature. 
Certain  drugs  (arsenicals,  sulfonamides,  acetanilid,  and  the  barbitiu-ates)  are 
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known  to  increase  the  severity  of  the  disease,  or  to  precipitate  exacerbations  in 
victims  of  the  disease.  There  is  Httle  evidence,  however,  that  these  drugs  can 
produce  the  disease  by  themselves.  Analysis  of  the  urine  of  many  patients  re- 
ceiving barbiturates  has  revealed  almost  none  with  porphobilinogen  or  patho- 
logical porphyrins  (15,  38).  None  of  our  patients  had  preceding  infections,  but 
three  had  received  heavy  barbiturate  therapy  prior  to  the  e.stabli.shment  of  the 
diagnosis. 

It  has  been  possible  to  produce  an  "experimental  porphyria"  in  certain  labora- 
tory animals  by  giving  Sedormid  (39)  and  other  derivatives  of  allylacetic  acid 
(40).  This  syndrome  is  characterized  by  transient  paresis  of  the  hind  limbs, 
dilatation  of  the  stomach  (which  can  lead  to  death  by  rupturing) ,  irregular  small 
bowel  spasm,  and  the  presence  of  porphobilinogen  and  increased  porphyrins  in 
the  urine  and  liver.  The  catalase  content  of  the  liver  is  diminished  in  these  experi- 
mental porphyric  animals  (41).  Study  of  the  liver  in  a  patient  with  porphyria, 
however,  has  revealed  normal  catalase  activity  (42) .  This  experimental  porphyria 
differs  further  from  human  porphyria  in  that  no  pathological  changes  are  de- 
tected in  the  nervous  system  (43),  in  the  former  condition. 

There  are  several  investigations  (44-46)  showing  abnormalities  in  the  metabo- 
lism of  porphyrin  precursors  in  patients  with  the  disease,  but  no  evidence  Ls 
given  pertaining  to  the  pathogenesis  of  the  neurological  and  other  symptoma- 
tology. The  concept  of  vasospastic  ischemia  of  the  nervous  system  due  to  an  un- 
known toxin  (10)  has  received  recent  criticism  (19,  20).  Intra-venous  porphyrin 
administration  to  normal  humans  has  no  effect  (47),  and  the  production  of 
smooth  muscle  spasm  by  porphyrin  has  been  claimed  (48)  and  denied  (49). 
There  are  some  reports  of  convulsions  (23)  and  irritability  (50)  in  laboratory 
animals  following  intra-venous  porphyrin  administration,  although  Goldberg 
et  al  (49)  noted  no  effects.  One  report  of  polyneuritis  in  a  patient  receiving  intra- 
muscular hematoporphyrin  has  appeared  (51). 

PROGXCSLS  AXD  TREATMEXT 

It  is  said  that  50  %  of  all  patients  with  attacks  of  porphyria  will  die  with  an 
attack.  The  mortality  rate  increases  with  the  greater  degree  of  central  nervous 
system  involvement  (7).  Only  one  of  our  ten  patients  died,  and  as  noted  above, 
the  method  of  exitus  here  was  pulmonary  embolization.  Several  of  the  patients 
in  this  series  have  been  followed  in  the  clinic.  It  is  remarkable  to  note  that  some 
patients  who  were  confined  to  bed  with  marked  muscle  wasting  and  quadriparesis 
during  their  hospital  stay  had  almost  normal  neurological  examinations  at 
follow-up  clinic  years  later. 

The  therapy  for  the  disea.se  is  unsatisfactory.  Barbiturates  and  other  drugs 
which  may  potentiate  the  disease  process  are  best  avoided.  The  following  have 
been  reported  to  be  of  aid  in  relieving  the  severe  abdominal  pain:  intra-venous 
calcium,  intra-venous  procaine,  tetra-ethyl  ammonium  chloride,  glutathione, 
priscoline,  vitamins,  steroids,  ACTH,  electro-con\ailsive  therapy,  section  of  the 
.splanchnic  nerves  and  other  agents  (52,  53).  Recently  chlorpromazine  has  been 
reported  (54,  55)  to  be  of  aid  in  the  disease.  However  increased  neurological 
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deficit  followinji;  usafi;e  of  the  dvug  has  also  Iummi  doscribod  (27).  None  of  tho  above 
useiits  affect  the  urinary  excret  ion  of  porphyrins  or  porphobiHnoKen,  and  none  of 
them,  (with  the  possible  exception  of  chlorpromazine  (56))  protect  against 
Sedormid  induced  porphyria  in  animals.  The  most  recent  therapeutic  claims  have 
involved  the  use  of  chelatinfj;  agents,  first  introduced  by  Schrunipf  (57),  and 
now  by  Peters  (27,  53)  in  an  attempt  to  correct  the  disturbances  of  zinc  metabo- 
lism in  the  disease. 

Many  of  the  above  forms  of  therapy — includinfj;  the  chelating  agents — have 
been  used  in  our  ten  patients.  Although  our  scries  is  certainly  small,  therc^  is  no 
definite  evidence  that  the  improvement  noted  in  any  patient  was  greater  follow- 
ing the  above  mea.sures  than  would  have  occurred  spontaneously  in  the  natural 
course  of  the  disease.  The  most  effective  therapy — in  our  limited  experience — 
would  appear  to  be  early  and  active  physical  rehabilitation. 

DISCUSSION 

Ten  additional  cases  of  acute  porphyria  have  been  added  to  the  rapidly  ex- 
panding literature  of  the  disease.  The  \  ariety  of  neurological  and  other  manifesta- 
tions possible  is  again  emphasized.  Although  there  are  many  contradictions  in  the 
literature  concerning  the  etiology  and  treatment  of  acute  porphyria,  this  variety 
of  clinical  manifestations  has  led  previous  authors  to  one  common  conclusion: 
A  high  "index  of  suspicion"  is  necessary  for  diagnosis.  Thus  the  moral  of  articles 
about  porphyria  appearing  in  such  varied  journals  as  those  for  psychiatrists  (58) 
to  those  for  surgeons  (59)  (and  recently  others  (60,  26))  is  to  point  out  the  mimick- 
ing as-pects  of  acute  porphyria,  and  to  emphasize  that  this  diagnosis  must  always 
be  considered  in  difficult  diagnostic  neurological  and  other  problems. 

It  is  probable  that  this  point  has  been  well  taken  by  now,  and  there  may  be 
a  tendency  for  clinicians  to  over  diagnose  porphyria.  That  this  is  so  may  be 
suggested  by  the  survey  of  the  records  of  this  hospital,  where  porphyria  was  diag- 
nosed eight  times  without  adecjuate  proof  (i.e.,  the  presence  of  porphobilinogen 
or  abnormal  porphyrins  in  the  urine).  Thus  the  concept  of  "porphyria  without 
porphyrinuria  (9,  14)"  is  not  considered  valid.  However,  repeated  study  of  the 
urine  should  be  performed  in  patients  with  negative  urines  in  whom  the  clinical 
suspicion  of  porphyria  is  present. 

That  the  diagnosis  of  porphyria  is  being  considered  frequently  (in  this  hospital) 
is  suggested  by  the  fact  that  during  the  three  month  period  from  January 
through  March,  1958,  twenty-one  24  hour  urine  specimens  were  submitted  to  the 
chemistry  department  for  analysis  for  porphyrins;  and  at  least  twenty-six  casual 
specimens  were  examined  by  the  hematology  department  for  porphobilinogen. 

Most  of  the  cases  mis-diagnosed  as  porphyria  were  obscure  peripheral  neu- 
ropathies, or  patients  with  mental  and  emotional  changes.  As  an  illustrative 
case,  a  34  year  old  female  was  admitted  to  the  surgical  service  with  atypical 
severe  pain  in  the  middle  portion  of  the  right  side  of  the  abdomen.  She  was 
treated  with  large  amounts  of  Demerol  and  atropine,  and  after  the  second  of 
such  injections  she  developed  an  acute  confusional  psychosis.  She  was  trans- 
ferred to  the  psychiatric  service  where  her  urine,  when  exposed  to  sunlight,  was 


636 


ALLEX  SILVERSTEI.V 


noted  to  be  "darker"  than  her  fresh  urine.  The  diagnosis  of  porphyria  was  thought 
estabUshed.  At  a  subsequent  admission  she  was  found  to  have  bilateral  ovarian 
cysts  with  areas  of  necrosis  in  the  right  one,  and  repeatedly  negative  urines  for 
porphobilinogen  and  porphyrins.  It  is  quite  possible  that  the  previous  episode 
of  pain  was  due  to  her  ovarian  pathology,  and  the  mental  changes  due  to  the 
drugs  administered  in  an  attempt  to  control  this  pain. 

Thus,  the  moral  of  this  report  is,  while  porphyria  is  a  diagnosis  to  be  thought 
of  frequently,  it  should  not  be  made  without  adequate  laboratory  investigation. 

SUMMARY 

Ten  cases  of  proven  porphyria  over  a  20  year  period  at  The  Blount  Sinai 
Hospital  are  reported.  The.se  cases  are  compared  to  many  others  in  the  literature, 
with  emphasis  on  the  neurologist's  viewpoint.  While  the  neurological  and  other 
manifestations  of  the  disease  can  assume  many  forms,  the  diagnosis  of  porphyria 
can  only  be  established  by  analy.sis  of  the  urine  for  porphobilinogen  or  patho- 
logical porphyrins. 
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IV.  The  QRS-T  A.\(;lk  as  Determinkd  from  thk  Twklvk- 
Lhai)  Klectuocakdiocjham 

LOUIS  BRIXBERC,  L.R.C'.P.,  HI). 

If  tho  voiitrioular  gradiont  w(mt  c(iual  to  zero,  the  time-intogratod  force  of 
regre.s.sio!i,  T,  would  he  eciual  and  opposite  to  that  of  acces-sion,  (^RS.  The 
QRS-T  angle  would  he  180°,  and  the  T  wave  di.seordant  to  the  QRS  in  all  leads. 
It  has  heen  found  empirically  that  discordajicy  in  certain  leads  is  indicative  of 
myocardial  damage.  As  such  discordancy  intimates  divergence  of  T  from  QRS, 
the  QRS-T  angle  in  space  may  be  taken  as  an  index  of  myocardial  damage. 
A  pilot  study  of  49  normal  subjects  was  therefore  performed  in  an  attempt  to 
establish  the  physiological  range  of  this  angle. 

METHOD 

As  the  gradients,  electric  axes,  and  QRS-\'C1  angles  of  these  subjects  had 
previously  been  determined  from  the  twelve-lead  electrocardiogram  (1),  it  was 
decided  to  obtain  T  by  vectorial  subtraction,  i.e.,  by  applying  the  values  to  the 
equation,  VG  =  QRS  +  T.  The  QRS-T  angle  was  accordingly  determined  in  the 
following  manner. 

QRS  and  VG  are  positioned  on  the  surface  of  the  sphere.  They  subtend  a 
plane,  the  plane  of  mean  rentricular  activity,  PK-  (2).  Wilson's  parallelogram  of 
forces,  and  therefore  T,  lie  on  this  plane  (2).  The  plane  is  established  by  position- 
ing the  movable  meridian  (2)  on  QRS  and  VG-  It  then  traces  the  great  circle  on 
which  the  plane  bisects  the  sphere,  as  in  fig.  la.  If  the  0°  mark  is  placed  on 
(,!RS,  the  QRS-VG  angle  is  read  on  the  graduated  meridian.  As  the  magnitudes 
of  QRS  and  VG  have  previously  been  determined,  we  may  draw  these  vectors  in 
their  true  lengths  and  .separated  by  the  QRS-VG  angle,  as  in  fig.  11).  The  paper 
then  represents  the  plane  on  which  the  vectors  lie.  Since  T  =  VG  — QRS,  the  sub- 
traction  is  performed  vectorially  by  drawing  a  vector  from  the  terminus  of  QRS 
to  the  terminus  of  VG,  as  in  fig.  lb.  The  magnitude  of  T  and  the  QRS-T  angle 
are  thus  obtained. 

As  QRS,  VG  and  T  lie  on  the  great  circle,  T  may  be  marked  on  this  circle, 
separated  from  QRS  by  an  arc  distance  equal  to  the  value  of  the  QRS-T  angle, 
as  in  fig.  Ic.  The  QRS-T  angle  may  then  be  represented  on  the  sphere  by  an 
arrow  whose  tail  is  at  the  QRS  position  and  whose  head  is  at  the  T  po.sition,  as  in 
fig.  Id. 

RESULTS 

The  results  are  .shown  in  figs.  2  and  3.  The  mean  QRS-T  angle  is  00°,  the  range 
is  i:-}°  to  91°,  and  the  standard  deviation  is  19°.  The  mean  bearing  of  T  from 
QRS  is  X2r;  W(31°. 

From  the  Department  of  Medicine,  Division  of  Cardiology,  The  Mount  Sinai  Hospital, 
New  York,  X.  Y. 
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Fig  Ic  fig  IC 


Fig.  la.  The  spherical  coordinates  of  QRS  and  VG  are  determined,  and  these  vectors 
represented  by  spots  on  the  surface  of  the  sphere.  If  the  plane  they  subtend  were  passed 
through  the  sphere,  it  would  cut  off  a  great  circle.  This  circle  is  visualized  by  positioning 
the  moveable  meridian  over  QRS  and  VG.  If  the  0°  mark  on  the  meridian  is  placed  on 
QRS,  the  QRS-VG  angle  is  read  at  VG  in  degrees.  In  this  case  it  equals  33°.  Since  QRS, 
VG,  and  T  lie  on  the  same  plane,  PU,  the  plane  of  mean  ventricular  activity,  the  spot  repre- 
senting T  must  lie  on  the  great  circle. 

Fig.  lb.  The  magnitude  of  T  and  the  QRS-T  angle  are  determined  by  vectorial  subtrac- 
tion of  QRS  from  VG.  As  the  magnitude  of  these  two  vectors  and  the  angle  they  subtend 
have  previo_usly  been  determined,  thej-  may  be  drawn  in  their  true  lengths  and  separated  by 
this  angle.  T  is  then  drawn  from  the  terminus  of  QRS  to  that  of  VG,  and  the  angle  between 
its  axis  and  that  of  QRS  is  the  QRS-T  angle,  which  in  this  case  79°. 

Fig.  Ic.  Since  VG  is  the  resultant  of  QRS  and  T,  it  must  lie  between  them.  T  is  marked 
on  the  sphere  at  an  arc  distance  from  QRS  equal  to  the  QRS-T  angle. 

Fig.  Id.  The  QRS-T  angle  may  then_be  represented  by  an  arrow  whose  tail  is  at  the 
QRS  position  and  whose  head  is  at  the  T. 

DISCUSSIOX 

It  might  seem  that  determination  of  T  by  subtraction  of  QRS  from  VG  is  a 
roimdabout  method  of  obtaining  the  QRS-T  angle  and  that  it  would  be  simpler  to 
measure  the  area  of  the  T  wave  directly.  This,  however,  presents  certain  dif- 
ficulties. Of  the  three  forces,  VG,  QRS  and  T,  the  first  can  be  measured  with  the 
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Fig.  3.  QRS-T  :ingles  of  49  normal  .siil)jerts.  The  triangle.  st:ir  and  .'(olid  circle  are  at  the 
mean  QRS,  VCl,  and  T  positions  respectively.  The  mean  QRS-T  angle  is  55°,  and  the  mean 
bearing  of  T  from  QRS  is  N21°;  W61°.  The  posterior  hemisphere  is  shaded. 

most  accuracy,  and  the  last  with  the  least,  and  the  source  of  error  lies  on  the 
basehne.  The  isoelectric  level  is  difficult  to  ascertain  in  the  case  of  the  T  wave  for 
two  reasons:  the  T  of  P,  Tp,  is  hidden  within  the  QRST  complex,  and  there  is  in 
almost  all  cases  an  overlap  of  T  and  QRS,  i.e.,  regression  begins  before  accession 
is  completed.  These  factors  also  affect  the  area  of  (^RS,  but  to  a  lesser  degree,  as 
the  QRS  wave  is  generally  of  much  shorter  duration  than  the  T.  They  do  not, 
however,  appreciably  distort  the  values  obtained  in  the  case  of  the  gradient, 
provided  T,,  is  equal  and  opposite  to  P  (there  is  evidence  that  this  is  so  (3)), 
and  provided  there  is  no  current  of  injury.  By  measuring  the  area  of  PQRST  in 
one  sweep  of  the  planimeter,  or  by  counting  scjuares  in  such  a  fashion  as  to 
give  a  similar  result  (l),Tp  is  neutralized  by  P,  and  the  area  of  overlap,  which 
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represents  the  resultant  time-integral  of  QRS  and  T  for  the  period,  is  included  as 
such.  This  is  amplified  elsewhere  (4). 

In  determining  T  by  vectorial  subtraction,  therefore,  we  are  utilizing  the  two 
more  reliable  vectors,  QRS  and  VG,  to  obtain  the  third,  T,  whose  value  by  direct 
measurement  is  least  accurate.  If  any  current  of  injury  exists,  this  indirect 
approach  is  no  longer  reliable  as  the  gradient  is  then  indeterminable  (4).  It  is 
assumed  that  none  was  present  in  these  normal  subjects. 

The  method  described  above  is  a  true  vectorial  subtraction  in  space.  The  same 
results  may  be  achieved  by  subtraction  of  projections.  In  this  case  the  frontal  and 
horizontal  projections  of  QRS  are  respectively  subtracted  from  those  of  VG,  and 
the  projections  of  T  thus  obtained.  The  spherical  coordinates  of  T  are  then  de- 
termined by  revolution,  and  the  QRS-T  angle  measured  on  the  sphere. 

Scalar  subtraction  may  also  be  performed.  Thus  if  PQRST  equals  30  m.c.v.s. 
and  QRS  equals  12  m.c.v.s.  in  lead  I,  then  T  is  18  m.c.v.s.  in  this  lead.  The 
problem  here  is  to  evaluate  the  transitional  axis  on  the  horizontal  plane.  As  it  is 
that  axis  on  which  PQRST  minus  QRS  equals  zero,  it  is  not  readily  determined 
by  inspection.  Scalar  subtraction  is  therefore  impractical. 

An  alternate  approach  is  to  rotate  the  plane  of  the  vectors,  FK,  orthographi- 
cally  into  a  position  parallel  to  the  horizontal  plane.  The  vector  formation  then 
appears  in  its  true  size.  As  several  simpler  methods  have  been  presented  in  this 
series,  this  procedure  shall  not  be  described. 
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COMPARATIVE  STUDY  OF  VASODILATORS  BY  OBJECTIVE 

METHOD 


HUBERT  MANN,  M.D. 
New  York,  N.  Y. 

The  purpose  of  this  study  is  the  collection,  examination,  and  evaluation  of  data 
on  the  peripheral  vasodilating  effect  of  three  commonly  used  drugs;  nitroglyn®, 
peritrate*,  and  metaniine®.  Each  drug  was  given  on  a  separate  day  to  a  healthy 
normal  adult.  The  effect  on  peripheral  circulation  was  recorded  objectively  by 
the  method  described  below. 

The  drugs  used  are  at  present  widely  employed  as  vasodilators.  They  are 
essentially  organic  nitrates.  The  following  table  gives  some  of  their  important 
characteristics. 

METHOD 

These  substances  were  given  as  tablets,  swallowed  with  a  small  quantity  of 
water.  The  effects  on  the  peripheral  circulation  were  then  recorded  by  means  of 
an  instrument  called  a  capacigraph. 

The  capacigraph,  which  is  essentially  an  alternating  current  bridge,  was  de- 
scribed by  the  author  in  1937  in  an  article  (1)  which  was  .summarized  as  follows: 
"The  alternating  current  bridge  offers  a  method  of  studying  the  peripheral  cir- 
culation, and  of  recording  changes  produced  by  physiologic  and  pharmacologic 
agents."  In  1956  (2)  this  instrument,  then  named  a  capacigraph,  was  u.sed  to 
demonstrate  the  prolonged  action  of  nitroglyn®.  The  author  concluded:  "The 
method  employed  depends  on  an  objective  curve  and  may  be  used  to  investigate 
peripheral  va.scular  changes." 

For  the  reader  not  familiar  with  the  instrument,  its  operation  may  be  explained 
as  follows.  The  capacigraph  is  a  sort  of  electrical  balance  which  can  be  adjusted  to 
the  object  under  examination  just  as  an  ordinary  scale  can  be  adjusted  by 
adding  or  subtracting  weights.  The  pointer  of  the  scale  moves  when  the  balance 
is  disturbed.  In  much  the  same  way,  the  capacigraph  is  adjusted  to  the  electrical 
state  of  the  finger  so  that  there  is  an  electrical  balance  and  then  any  electrical 
change  in  the  finger  will  alter  this  balance.  The  pul.se  wave,  which  causes  a  slight 
flow  of  blood  into  the  finger,  disturbs  the  electrical  balance  and  consequently 
registers  as  a  deflection  in  the  pointer.  This  deflection  is  recorded  as  a  graph. 

Detailed  procedure  was  as  follows:  The  subject  sat  in  a  comfortable  chair  and 
was  allowed  from  fifteen  to  thirty  minutes,  depending  on  the  outside  temperature, 
to  adjust  to  room  temperature.  This  was  done  as  an  office  procedure.  One  or  more 
control  capacigrams  of  the  right  index  finger  were  taken,  and  the  drug  to  be 
tested  was  then  swallowed.  Capacigrams  of  the  right  index  finger  were  taken  at 
intervals  of  ten  minutes  for  the  first  hour,  twenty  minutes  for  the  .second  hour, 
and  thirty  minutes  for  succeeding  hours  for  a  total  period  of  about  six  and  one 
half  hours.  A  one  hour  break  for  lunch  was  allowed  between  the  third  and  fourth 
hours.  During  the  observation  period  the  subject  was  permitted  to  read,  coin  erse, 
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TABLE  I 


Characteristics  of  Commonly  Used  Vasodilators 


it  T'A wl vn® 

»i  ill  yj^l^f  11 

Ppritrnfp® 

]Vf pf  QTninf*®  Pliief  H  i  np(l 

i.VXCl'Cill.llllC  OUotdlliCU 

Name 

Chemical  Name 

Glyceryl  tri- 

Pentaerythritol 

Triethanolamine  trinitrate 

nitrate 

tetranitrate 

bipho.sphate 

Chemical  Formula 

CHsCOXOa)^ 

CsHsC  0X02)4 

X(CH2CH.OX02)32H3P04 

Molecular  Weight 

227 

316 

480 

Dosage  Given 

.013  G. 

.020  G. 

.020  G. 

Percent  of  X(32 

60.4 

58.2 

28.75 

Total  NO2 

7.85  mg. 

11.64  mg. 

5.75  mg. 

and  move  about,  according  to  his  inclination.  Tobacco,  excitement,  or  unusual 
exertion  were  avoided.  This  procedure  was  followed  on  separate  daj's  using  each 
of  the  three  drugs  under  examination.  The  recorded  curves,  or  capacigrams,  were 
then  labelled  and  filed  for  subsequent  examination. 

RESULTS 

Capacigrams  were  made  in  this  fashion  from  twenty  two  normal,  healthj' 
individuals  varying  in  age  from  eighteen  to  forty-two  years.  All  twenty-two  were 
tested  with  nitroglyn®;  ten  were  also  tested  with  peritrate®  and  metamine®. 
The  curves  obtained  were  examined  and  carefully  corrected  measurements  made 
of  the  height  of  the  katacrotic  pulse  wave.  This  wave  was  chosen  because  earlier 
work  with  nitroglycerin  (2)  demonstrated  that  the  katacrotic  pulse  wave  reveals 
the  most  constant  and  significant  change  in  peripheral  vasodilatation.  Figure  1 
will  illustrate  this  point. 

It  can  readily  be  seen  on  examination  of  Figure  1  that  the  finger  capacigram 
before  and  after  administration  of  vasodilators  shows  definite  changes.  The  main 
pulse  wave  tends  to  rise  more  sharply  and  may  become  higher.  These  changes  in 
the  main  wave  have  been  observed  repeatedlj',  but  have  been  found  unsatis- 
factory as  a  basis  for  measurement  because  they  are  not  constant  and  are  subject 
to  a  number  of  accidental  factors  such  as  emotion,  fatigue,  room  temperature, 
ingestion  of  food,  posture,  etc.  The  significant  changes  illustrated  in  Figure  1 
are  shown  by  the  secondary  or  katacrotic  wave.  This  wave,  which  is  ordinarily 
rather  small,  is  affected  by  the  vasodilators  in  such  a  way  as  to  become  much  more 
prominent.  The  constancy  and  reliability  of  this  change  in  the  secondary  or 
katacrotic  wave  make  it  suitable  for  objective  measurement  of  the  effect  of 
vasodilating  drugs.  For  these  reasons,  our  attention  has  been  concentrated  on  the 
katacrotic  wave  as  an  index  of  the  effect  of  the  vasodilating  drugs. 

After  all  measurements  had  been  completed,  they  were  tabulated  and  averaged 
for  each  drug,  and  three  composite  curves  were  drawn  to  show  at  a  glance  the 
comparative  effect  of  the  three  drugs.  These  composite  curves  are  shown  in 
Figure  2. 

The  three  curves  in  Figure  2  represent  the  intensity  and  duration  of  the  vaso- 
dilating effect  of  the  given  drugs  during  the  period  of  observation.  Several  charac- 
teristics of  these  curves  are  worthy  of  comment. 
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Fig.  1.  Effect  of  \'asodilators  on  Circulation  in  Right  Index  Finger. 
Capacigrams  of  Right  Inde.x  Finger.  A.  Before  administration  of  va.sodilators.  B.  1,  2, 
and  3  hours  after  NITROGLYN®  Gr.  ^.  C.  1,  2,  and  3  hours  after  PERITRATE®  Mg.  20. 
D.  1,  2,  and  3  hours  after  MET  AMINE®  SUSTAINED  Mg.  20. 
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 Peritrate    lOvn.^         tlic  capjicie,rap(a  after  m^estioti  of  N'ltrqgij'n  by  22  individuals, 

 Aletamine  lOm^.         Pentrate  and  Metanuiie  Sustained  by  10  individuals. 


Fig.  2. 


During  the  first  three  hours  after  ingestion  of  the  drugs,  there  is  decided  eleva- 
tion of  the  curve  of  nitroglyn®,  less  elevation  of  the  curve  of  peritrate®,  and  least 
elevation  of  the  curve  of  metamine®  sustained.  The  nitroglyn  curve  reaches  its 
maximum  height  from  forty  to  sixty  minutes  after  the  ingestion  of  13  milligrams 
of  the  drug  (7.85  mg.  of  XO2),  and  maintains  this  height  until  the  lunch  break 
three  hours  after  ingestion.  The  peritrate®  curve  reaches  its  maximum  height 
about  one  hundred  minutes  after  ingestion  of  20  milligrams  of  the  drug  (11.64 
mg.  of  XOo),  but  is  con.siderably  lower  than  the  nitroglyn®  curve  dm-ing  the  first 
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three  hours.  This  is  in  spite  of  the  fact  that  the  dosage  of  peritrate  tested  was 
approximately  fifty  per  cent  greater  than  the  dosage  of  nitroglyn®.  The  met- 
amine®  curve  rises  more  slowly,  reaches  its  maximum  height  in  about  one  hour, 
and  falls  steadily  during  the  third  hour.  This  curve  is  considerably  lower  than  the 
other  two.  The  dosage  of  metamine®  used  is  20  milligrams,  but  this  represents 
only  5.75  milligrams  of  XO2. 

Following  the  one  hour  break  for  lunch,  all  three  curves  are  sharply  lowered, 
probably  because  of  rerouting  of  additional  blood  to  the  digestive  tract.  The 
nitroglyn®  curve  is  consistently  higher  than  the  peritrate®  curve,  and  the  met- 
amine® curve  remains  in  third  place.  At  the  termination  of  the  period  of  observa- 
tion, six  hours,  there  is  still  some  slight  evidence  of  vasodilatation. 

DISCUSSION 

From  a  clinical  point  of  view,  the  effect  of  the.se  drugs  on  the  coronary  arteries 
is  a  matter  of  great  importance.  Many  clinicians  believe  that  vasodilating  drugs, 
especially  those  of  the  nitrate  group,  dilate  the  coronary  arteries  and  therefore 
improve  the  blood  supply  to  the  heart  muscle.  This  opinion,  though  widely  held, 
is  based  on  clinical  experience  and  is  not,  at  present,  supported  by  any  reliable 
objective  evidence.  Unfortunately,  there  is  no  accurate  method  of  examining 
the  coronary  circulation  in  the  intact  human  heart.  The  induction  of  anaesthesia 
together  with  the  mental  and  emotional  strain  of  operation,  and  also  operative 
techniques  themselves,  produce  such  profound  changes  in  the  general  circulation 
that  observations  under  operative  conditions  have  httle  validity  for  the  intact 
individual.  The  constant  motion  of  the  heart,  its  relative  inaccessibility,  and  the 
labile  nature  of  the  heart  rate  and  blood  pressure  all  conspire  to  prevent  exact 
or  reliable  ob.servation  of  the  coronary  circulation.  Up  to  the  present  time  no 
method,  to  my  knowledge,  has  been  employed  or  even  suggested  to  overcome 
the.se  difficulties. 

We  are  justified,  however,  as  a  result  of  almost  a  century  of  clinical  experience, 
in  affirming  that  vasodilators  of  the  nitrite  or  nitrate  group  often  relieve  .sjmip- 
toms  of  cardiac  distress.  There  is  general  agreement  that  this  action  is  due  to 
peripheral  vascular  dilatation,  possibly  combined  with  coronary  artery  dilatation. 
The  results  of  such  medication  are  often  so  spectacular  that  drugs  of  this  nature 
warrant  intensive  study.  For  this  reason,  we  have  investigated  these  drugs  from 
the  standpoint  of  a  property  which  is  common  to  them  all  and  which  seems  es- 
.sential  to  their  clinical  use:  namely,  peripheral  vasodilatation. 

The  question  naturally  arises:  what  is  the  comparative  vasodilating  effect  of 
these  three  drugs  when  given  in  dosages  of  equal  amounts  of  each  drug  or  of 
equal  amounts  of  XO2?  The  answer  to  this  question  may  be  a  valuable  aid  in  ad- 
justing the  do.sage,  but  the  purpose  of  the  present  study  is  to  investigate  the 
effects  of  these  agents  in  approximately  the  amounts  generally  prescribed  at  the 
present  time. 

Within  these  limitations  the  following  conclusions  seem  reasonable: 
Nitroglyn®  in  dosage  of  13  milligrams  {^i  gr.)  has  a  more  rapid  and  more 
inten.se  peripheral  vasodilating  action  than  either  peritrate®  or  metamine*  su.^- 
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tained  in  doses  of  20  inillig;rains.  Alter  three  liours,  followiiif!;  the  iiifrestioii  ol" 
food,  the  poriphenil  vasodilating  action  of  these  three  drugs  is  decreased,  ahliough 
it  is  still  observable  after  six  and  one-half  hours. 

SUMMAItY 

Twenty  two  individuals,  aged  18  to  42,  ingested  nitroglyn®,  and  ten  individuals 
ingested  peritrute*  and  nietamine*  sustained  on  separate  days.  The  peripheral 
\'asodilating  effect  was  observed  by  an  objective  method:  capacigraph  recordings 
of  finger  pulsation.  Measurements  of  these  recordings  were  tabulated,  averaged, 
and  plotted  as  three  composite  curves  to  show  the  comparative  vasodilating  ac- 
tion of  the  drugs. 

COXCLUSIOXS 

Xitroglyu*,  in  a  dosage  of  lo  milligrams,  has  a  more  rapid  and  mon;  intense 
vasodilating  effect  than  either  peritrate®  or  metamine®  sustained  in  20  milligram 
dosage. 

•Aiter  four  hours  and  following  a  lunch  period,  the  vasodilating  effect  of  the 
three  drugs  drops  sharply.  .Vfter  si.x  hours,  some  vasodilating  effect  is  still  evident . 
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Chairman  King: 

The  evening's  program  is  devoted,  as  you  know,  to  the  subject  of  sarcoidosis. 
This  subject  was  chosen  for  several  reasons.  First,  because  we  see  this  disease 
with  increasing  frequency,  either  because  we  are  on  the  look  out  for  it  now,  more 
than  previously  or  because  of  a  shift  in  the  hospital  population.  It  is  a  disease  in 
which  progress  seems  to  come  slowly.  While  the  major  problems  of  cause  and 
pathogenesis  remain  in  an  unsolved  state,  there  has  been  some  progress  in  such 
phases  as  epidemiology,  diagnosis,  both  by  biopsy  and  intracutaneous  tests,  and 
in  treatment  with  steroids. 

For  all  the.se  reasons,  we  thought  it  would  be  in  order  to  take  an  inventory 
of  what  we  know  about  this  disease  and  what  remains  to  be  worked  out.  To  this 
end  we  have  invited  the  group  in  this  hospital  Avhose  major  concern  is  the  in- 
vestigation of  the  problem  of  the  diagnosis  and  management  of  patients  with 
sarcoidosis.  This  group  was  organized  and  is  headed  by  Dr.  Louis  E.  Siltzbach, 
who  will  remain  in  the  Chair  after  he  has  introduced  the  subject  \vith  a  discussion 
of  the  "Etiologic  and  Immunologic  Considerations  in  Sarcoidosis." 

Dr.  Louis  E.  Siltzbach: 

We  learn  a  little  more  about  sarcoidosis  every  year  and  it  is  about  some  of  the 
newer  knowledge  as  well  as  about  already  established  data  that  we  will  be  speak- 
ing tonight. 

It  is  customary  to  define  the  condition  one  is  considering  but  that  is  a  little 
difficult  when  it  comes  to  sarcoidosis.  The  truth  is  our  definitions  of  sarcoidosis 
have  .something  of  the  quality  of  the  blind  men's  description  of  the  elephant.  We 
try  to  guess  at  the  nature  of  the  whole  animal  by  adding  together  dim  notions  of 
some  of  its  parts. 

Actually,  that  is  the  be.st  we  can  do  at  this  point.  .Alter  all,  sarcoidosis  still  is 
a  condition  or  perhaps  a  group  of  conditions  of  undetermined  etiology  with  a 
mysterious  pathogenesis  and  a  characteristic  but  non-specific  histologic  picture, 
of  unknown  incubation  period  and  manner  of  spread,  and  certain  peculiar  im- 
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muliologic  and  inotaholic  features  which  are  really  not  clearly  understood.  Above 
all,  no  one  has  yet  been  able  to  transmit  sarcoidosis  to  an  experimental  animal 
and  this  presents  ([uite  a  barrier  to  its  investigation. 

All  this  sounds  bleak  but,  as  you  know,  there  is  a  brighter  side.  We  now  make 
the  diagnosis  of  sarcoidosis  more  readily  by  means  of  scalene  fat  pad  biop.sy  and 
biopsies  at  other  sites.  The  Nickerson-Kveim  intracutaneous  test  has  proved 
itself  a  valuable  confirmatorj^  aid.  We  can  distinguish  better  between  sarcoidosis 
on  the  one  hand,  and,  on  the  other,  beryllium  poisoning,  histoplasmosis  and 
other  granulomatous  conditions  which  mimic  it.  This  is  so  because  the  diagnostic 
tools  in  all  these  conditions  as  well  have  become  more  effective. 

We  know  more  about  the  geographic  and  racial  distribution  of  sarcoidosis  in 
our  country,  thanks  to  the  work  of  Dr.  Michael  and  Dr.  Cummings. 

And  with  the  advent  of  corticosteroid  therapy  we  have,  it  seems  to  me,  for  the 
first  time,  drugs  which  although  in  so  sense  curative,  have  helped  tide  our  pa- 
tients over  some  very  trying  and  hazardous  episodes.  With  the  help  of  hormonal 
therapy  we  have  returned  not  a  few  disabled  patients  to  a  useful,  more  or  less 
normal  daily  life.  I  add  ha.stily  that,  as  in  any  chronic  and  recurrent  condition, 
relapse  is  common  when  the  drugs  are  stopped. 

Almost  half  of  our  sarcoidosis  patients  have  experienced  a  relapse  after  dis- 
continuation of  steroid  therapy  but  we  find  that  with  the  resumption  and  pro- 
longation of  treatment  a  fair  end-result  can  eventually  be  achieved  for  most 
patients.  We  shall  refer  again  to  some  aspects  of  these  problems  during  the  case 
presentations  and  the  discussions  which  are  to  follow. 

Now  I  shall  try  to  give  a  short  summary  of  the  conflicting  views  regarding  the 
etiology  of  sarcoidosis. 

For  more  than  fifty  years  the  big  questions  have  been: 

Is  sarcoidosis  one  disease  with  one  etiologic  agent  not  yet  known?  Or, 

Is  sarcoidosis  a  .syndrome — a  composite  of  many  distinct  and  unrelated  granu- 
lomatous diseases?  If  so,  shall  we  adopt  the  practice  of  labelling  our  cases  tuber- 
culous sarcoidosis,  beryllium  sarcoidosis,  histoplasma  .sarcoidosis  and  so  forth? 
And  how  ,are  we  to  regard  the  laige  group  of  patients  for  whom  no  etiologic 
agent  is  detectable — the  group  which  concerns  us  tonight — those  with  idiopathic 
sarcoidosis? 

It  seems  that  one's  views  on  these  (jucstions  depend  in  some  degree  upon  what 
country  he  is  from.  In  the  United  States  and  the  Scandinavian  countries  most 
investigators  favor  the  concept  of  a  single  disease  entity  with  its  own  not  yet 
fathomed  cause  or  pathogenesis.  In  Great  Britain  and  in  some  continental 
countries,  on  the  other  hand,  the  more  popular  view  is  that  idiopathic  sarcoido.sis 
is  primarily  a  form  of  tuberculosis  in  an  unusual  phase,  a  phase  marked  by  a  lack 
of  tubercle  bacilli  and  caseation  in  the  patient's  tissues  and  very  often  by  tuber- 
culin insensitivity  as  well.  Indeed,  sarcoidosis  has  sometimes  been  equated  with 
tuberculin-negative  tuberculosis. 

This  calls  to  mind  another  well-known  instance  in  which  a  di.sease  was  first 
held  to  be  a  form  of  tuberculin-negative  tuberculosis  but  which  later  was  shown 
to  be  an  unrelated  independent  condition.  I  refer  to  histoplasmosis. 
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About  ten  years  ago  in  the  Mississippi  Basin  asymptomatic  pulmonary  calcifi- 
cation was  being  encountered  on  survey  chest  films  of  young  adults  and  children. 
These  patients  did  not  react  to  strong  doses  of  tuberculin  and  it  was  first  sup- 
posed that  the  asymptomatic  pulmonary  calcifications  were  the  result  of  a  tuber- 
culosis infection  in  these  young  persons  which  had  run  through  infection,  case- 
ation and  healing  by  calcification  relatively  silently  and  in  an  unusually  short 
time.  It  was  speculated  that  the  healing  by  calcification  had  been  so  complete 
that  the  individual  lost  the  abihty  to  react  to  intracutaneous  tuberculin.  In 
short,  a  tuberculin-negative  tuberculosis.  Well,  this  explanation  of  the  lack  of 
tuberculin  sensitivity  did  not  sit  well  with  most  investigators,  and  tuberculin- 
negative  asymptomatic  pulmonary  calcification  in  that  region  was  for  a  time 
considered  an  idiopathic  condition.  Not  much  later,  however,  the  close  relation- 
ship to  histoplasma  capsulatum  infection  was  established.  Idiopathic  tuberculin- 
negative  pulmonary  calcification  was  recognized  as  a  sequella  of  a  benign  histo- 
plasmosis and  the  incidence  of  true  idiopathic  cases  dropped  in  that  area  to  the 
vanishing  point. 

This  is,  of  course,  reasoning  by  analogj'  and  the  analogy  may  be  inapplicable 
to  the  problem  of  idiopathic  sai'coidosis.  Some  investigators  have  objected  on 
grounds  of  logic  to  defining  idiopathic  sarcoidosis  as  a  disease  of  unknown 
etiology.  The  parallel  with  histoplasmosis  is  made  here  only  to  show  that  it  is 
logically  possible  that  a  single  agent  could  underlie  idiopathic  sarcoidosis  and 
its  discovery  might  conceivably  reduce  to  insignificance  the  number  of  true 
idiopathic  cases  of  sarcoidosis. 

In  weighing  the  pros  and  cons  of  the  tuberculous  etiology  of  sarcoidosis — and 
it  must  be  stated  that  the  tubercle  bacillus  above  all  merits  the  most  serious 
etiologic  consideration — it  may  be  helpful  to  examine  some  of  the  theoretical 
tenets  involved. 

It  has  been  postulated  that  patients  with  sarcoidosis  possess  an  enhanced 
capacity  for  destroying  tubercle  bacilli  in  their  tissues.  This  accounts  for  the 
difficulty  of  finding  them  within  the  sarcoid  follicles.  As  a  further  development 
of  this  thought,  it  has  been  reasoned  that  in  destroying  tubercle  bacilli  so  rapidly 
and  effectively,  great  quantities  of  tuberculoprotein,  lipids  and  other  bacillary 
fractions  must  be  released  into  the  bloodstream  of  patients  with  sarcoidosis. 
These  fractions,  it  is  assumed,  evoke  an  immunological  response  in  the  form  of 
tuberculin-neutralizing  substances.  This  would  account  for  the  fact  that  two- 
thirds  of  the  patients  with  sarcoidosis  are  insensitive  to  tuberculin.  The  resultant 
hyperimmune  state  in  sarcoidosis  has  been  termed  "positive  anergj'."  Now,  I 
realize,  this  is  an  oversimplification  of  the  theory  but  I  believe  it  expresses  the 
gist  of  it.  Incidentally,  not  all  workers  belonging  to  the  school  of  the  tuberculous 
(Etiology  of  sarcoidosis  subscribe  to  the  hypothesis  of  "positive  anergy." 

The  hypothesis  of  "positive  anergy"  has  recently  lost  favor  because  con- 
vincing support  for  it  has  not  been  forthcoming.  Indeed,  recent  data  have  come 
to  hand  which  contradicts  most  of  its  elements.  For  example,  a  study  by  Mag- 
nussen  shows  that  tuberculin-neutralizing  substances  are  not  present  any  more 
frecjuently  nor  in  any  greater  amounts  in  the  serums  of  patients  with  sarcoidosis. 

I'\irthermore,  if  one  may  draw  a  parallel  between  BCG  organisms  and  human 
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tubercle  bacilli,  the  enhanced  capacity  of  sarcoidosis  patients  for  destroying 
acid  fast  bacilli  caiuiot  be  substantiated.  HCCi  orf^anisins  appear  to  live  just  as 
long  in  the  inoculated  sites  of  sarcoidosis  patients  as  in  norniai  susceptible 
control  subjects. 

Returning  to  the  tuberculin  lest  in  patients  with  .sarcoidosis;  we  know  that 
their  negative  cutaneous  tests  need  not  imply  the  absence  of  a  previous  tubercu- 
lous infection.  We  have  studied  patients  on  several  occasions,  as  have  others, 
who.se  positive  tuberculin  reaction  turned  negative  with  the  onset  of  sarcoidosis. 
Moreover,  cases  have  been  olxserved  in  which  the  tuberculin  sensitivity  returned 
after  the  sarcoidosis  regressed  and  without  any  evidence  of  a  new  tuberculous 
infection  or  re-animation  of  an  old  one. 

Of  greater  importance,  it  seems  to  me,  is  the  fact  that  a  positive  tul)erculin 
response  can  be  obtained  in  patients  with  sarcoidosis  when  tul)erculin  is  suspended 
in  paraffin,  in  the  so-called  depot  tuberculin,  instead  of  .saline.  With  depot- 
tuberculin  the  frequency  of  positive  tuberculin  reactions  among  .sarcoidosis  pa- 
tients approaches  that  of  the  general  population  of  the  area. 

The.se  findings  with  depot-tuberculin  suggest  that  in  sarcoidosis  there  may  be 
a  defect  in  fixing  .saline  tul)erculin  long  enough  at  the  injection  site  to  initiate  a 
reaction,  and  that  the  paraffin  menstruum  o\  erc()mes  that  difficulty.  There  may 
be  also  some  abnormality  in  the  production  and  transport  of  white  blood  cells 
of  proper  ciuantity  and  (luality — which  cells  are  thought  to  conduct  to  the  skin 
the  antibodies  responsible  for  the  delayed  tuberculin  type  reaction. 

To  bring  the  subject  of  skin  tests  in  sarcoidosis  to  a  close,  I  would  like  to  add 
two  points.  The  fir.st  is  that  dermal  in.sensitivity  in  sarcoidosis  extends  beyond 
tuberculin  to  a  large  group  of  unrelated  cutaneous  antigens  of  the  delayed 
tuberculin  type — trichophytin,  oidiomycin  and  histoplasmin  among  others. 
Recently,  attempts  to  induce  dermal  sensitivity  in  sarcoidosis  patients  with 
chemicals  which  are  normally  potent  sensitizers  reaffirmed  the  fact  of  the  relative 
cutaneous  refractoriness  among  patients  with  sarcoidosis  when  compared  to 
normal  individuals. 

The  apparent  exception  in  respect  to  dermal  sensitivity  in  .sarcoidosis  is  the 
Xickerson-Kveim  reaction  which  shows  an  impressive  specificity  with  infrequent 
false  positive  reactions  in  non-sarcoid  .subjects.  Here,  however,  we  are  dealing 
with  a  most  unusual  response  recjuiring  about  four  weeks  to  mature  in  contrast 
to  the  maturing  period  of  48  to  90  hours  of  the  cutaneous  antigens  we  have  been 
discussing. 

The  second  point  is  that  patients  with  Hodgkin's  disea.se  have  a  dermal  in- 
.sen.sitivity  much  like  the  one  we  find  in  sarcoido.sis.  In  Hodgkin's  di.sea.se  the  iii- 
sensitivity  ranges  from  tuberculin  right  through  the  .same  cutaneous  antigens  of 
the  delayed-type  reactions  previously  enumerated.  And  as  in  sarcoidosis  the  com- 
plement fixation  and  agglutination  mechanisms  are  not  interfered  with. 

This  parallel  between  .sarcoidosis  and  Hodgkin's  di.sease  has  led  some  to  specu- 
late on  whether  the  difficulty  with  dermal  sen.sitivity  mechanisms  are  to  be 
ascribed  to  an  altered  reticulo-endothelial  system  which  is  widely  affected  in 
both  disorders. 

Now  I  shall  list  .some  of  the  arguments  favoring  the  tuberculous  etiology  of 


552 


CLINICAL  COXFEREXCE 


sarcoidosis  and  the  refutations  offered  by  those  opposed  to  that  concept.  It 
need  not  be  emphasized  that,  although  this  debate  on  etiology  gets  quite  lively 
at  times,  neither  camp  maintains  that  it  has  the  final  answers. 

Proponents  of  the  tuberculous  etiology  point  out  that  tubercle  bacilli  are 
eventually  demonstrated  in  a  substantial  proportion  of  patients  with  sarcoidosis. 
In  fact,  some  autopsy  series  of  sarcoidosis  patients  report  between  10  per  cent 
and  25  per  cent  of  active  tuberculosis. 

The  absence  of  tubercle  bacilli  in  non-caseating  epithelioid-cell  tubercles  of 
classical  tuberculosis  is  well-known  and  even  the  most  careful  histologic  studies 
sometimes  fail  to  distinguish  between  the  follicle  of  sarcoidosis  and  the  tubercle. 

Bacterial  residues  such  as  diaminopimelic  acid  and  mycolic  acid,  two  com- 
ponents of  tubercle  bacilli,  have  been  identified  in  sarcoid  tissues  suggesting  that 
these  tissues  contained  live  tubercle  bacilli  in  the  past.  This  is  a  most  important 
lead  and  requires  intensive  investigation. 

There  is  a  marked  similarity  between  certain  clinical  and  roentgenographic 
aspects  of  the  two  conditions  particularly  in  respect  to  indolent  tuberculin- 
negative  forms  of  pulmonary  tuberculosis.  As  in  sarcoidosis,  lack  of  re.spon.se  to 
antituberculosis  drugs  is  said  to  be  common  among  patients  with  this  unusual 
form  of  tuberculosis. 

Erythema  nodosum,  as  you  will  hear,  occurs  at  the  onset  of  sarcoidosis  and 
tuberculosis.  The  higher  incidence  of  both  sarcoidosis  and  tuberculosis  among 
Negroes  is  also  to  be  noted. 

In  countering  these  arguments  the  opposing  school  offers  the  following: 
•  Finding  tubercle  bacilli  in  the  secretions  and  tissues  of  patients  with  sar- 
coidosis is  not  etiologically  conclusive.  Tubercle  bacilli  are  isolated  even  more 
frequently  from  patients  with  silicosis,  and  lepro.sy  when  tuberculosis  supervenes. 
In  short,  the  tuberculosis  may  be  viewed  as  a  complication  of  sarcoidosis. 

When  tuberculosis  and  .sarcoidosis  are  both  present,  the  ca.seous  foci  and  the 
sarcoid  follicles  as  a  rule  lie  side  by  side  without  evidence  of  transition  from  one 
type  of  lesion  to  the  other.  The  sarcoid  follicle  contains  no  tubercle  bacilli  whereas 
the  neighboring  caseous  focus  may  be  teeming  with  bacilli. 

Other  important  differences  between  the  two  conditions  include  the  pattern 
of  organ  involvement.  Symmetrical  enlargement  of  the  bronchopulmonary  nodes 
is  the  commonest  roentgen  manifestation  of  sarcoidosis.  As  you  will  hear  later, 
it  is  relatively  uncommon  in  tuberculosis.  Tuberculosis  does  not  often  affect  the 
uveal  tracts,  salivary  or  lacrimal  glands,  cardiac  or  skeletal  mascle  or  the  pha- 
langeal bones,  as  does  sarcoidosis.  In  contrast,  pleural  involvement  is  common  in 
tuberculosis  but  rare  in  sarcoidosis. 

Now,  when  tuberculosis  is  associated  with  sarcoidosis,  the  ca.seous  lesions 
usually  develop  in  those  organs  normally  found  .susceptible  to  the  tubercle 
bacillus;  the  lungs,  lymph  nodes,  liver,  adrenals  and  meninges,  among  others. 
Sarcoid  follicles  in  the  salivary  glands,  the  eyes  and  muscles  do  not  undergo 
caseation  as  one  might  expect  if  sarcoidosis  were  the  non-caseating  pha.se  of 
tuberculosis. 

Regarding  bacterial  residues  in  .sarcoid  tissues,  some  question  has  been  raised 
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as  to  their  ov\gm  and  identity.  But  conceding  that  these  are  the  remains  of  once 
Hve  tubercle  bacilli,  by  tluMnselves  these  residues  may  not  constitute  conclusive 
evidence  for  a  connection  between  the  two  conditions.  Transient  hematogenous 
seeding  of  many  organs  during  the  establishment  of  the  tuberculous  primary 
complex  is  a  common  enough  event  to  account  for  residues  of  tubercle  bacilli 
in  some  sarcoid  tissues.  Analysis  of  tissues  from  normal  positive  tuberculin  human 
controls  may  help  elucidate  this  aspect  of  the  problem. 

Other  considerations  which  lead  away  from  the  tuberculosis  concept  of  sar- 
coidosis are  the  apparent  non-contagiousness  of  sarcoidosis,  its  rural  rather  than 
urban  distribution,  and  its  failure  to  respond  to  potent  anti-tuberculosis  drugs. 

But  one  of  the  most  telling  points  brought  against  the  tuberculosis  concept  is 
the  high  specificity  of  the  Nickerson-Kveim  intracutaneous  test  in  patients  with 
sarcoidosis.  A  review  of  the  world  literature  shows  that  all  but  one  group  of  in- 
vestigators* have  found  this  test  useful  in  helping  distinguish  sarcoidosis  from 
other,  similar,  conditions.  Unfortunately,  standardized  testing  material  has  not 
as  yet  become  generally  available,  and  the  microscopic  reading  of  the  test  re- 
quires considerable  experience. 

Finally,  attempts  to  implicate  other  bacteria,  fungi  and  viruses  have  failed. 
Teilum's  theory  of  allergic  hyperglobulinosis  and  Refvem's  speculations  on  the 
relationship  of  phospholipids  to  sarcoidosis  still  command  interest.  The  question 
of  auto-antibodies  has  not  been  investigated  in  sarcoidosis.  Such  environmental 
factors  as  soil,  vegetation  and  diet  are  also  under  close  scrutiny. 

Confronted  with  all  this  conflicting  evidence,  one  can  only  keep  an  open 
mind  and  hope  that  some  fresh  eye  will  suddenly  apprehend  something  all  of  us 
have  been  overlooking;  and  with  this  new  insight  we  may  be  able  to  explain  the 
odd  explosive  assault  on  the  organism  of  some  individuals  which  we  call  sar- 
coidosis and  which  expresses  itself  by  an  extensive  seeding  of  the  tissues  with 
epithelioid-cell  granulomas  in  a  most  unusual  organ  con.stellation. 

Thank  you. 

We  now  come  to  the  case  presentations  and  first  we  have  two  examples  of 
bilateral  hilar  lymphadenopathy  in  sarcoidosis.  The.se  will  be  presented  by 
Dr.  Gerald  Weissman. 

Dr.  Clerald  Wei.ssman : 

The  first  patient  is  a  35  year  old  Puerto  Rico-born  male  who  was  admitted 
because  of  chest  pain  three  weeks  previously.  A  chest  X-ray  was  obtained  which 
showed  bilateral  hilar  lymphadenopathy  and  he  was  referred  to  the  hospital  by 
his  local  physician.  He  was  first  seen  six  years  before  because  of  bilateral  broncho- 
pneumonia and  e.s.sential  hypertension.  He  remained  well  after  discharge. 

On  examination,  his  blood  pressure  was  normal  and  the  pertinent  findings  were 
prolonged  breath  sounds  over  the  entire  chest  and  scattered  inspiratory  rales 

*  Further  work  by  the  .";iime  investigator.-;  reported  recently  .siipport.s  the  .'<i)ecificity  of 
the  Nickerson-Kveim  reaction  in  .sarcoido.sis.  P'alse  positive  tests  were  no  longer  obtained 
among  patients  with  tuberculo.si.s  in  a  new  .series  of  40  patients  tested. 
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at  the  right  base  and  in  the  right  axilla.  There  was  no  significant  peripheral 
lymphadenopathy. 

Laboratory  findings  showed  a  serum-globulin  level  of  four  grams  per  cent.  A 
second  strength  PPD  skin  test  was  positive.  The  chest  X-ray  showed  bilateral 
hilar  and  paratracheal  lymphadenopathy  suggesting  mediastinal  lymphoma 
(Fig.  1).  A  scalene  fat-pad  biopsy  was  performed  and  the  histological  picture  was 
that  of  a  non-caseous  epithelioid  cell  granulomatous  reaction  with  slight  central 
necrosis  and  multinucleated  giant  cells.  Xo  acid-fast  bacilli  were  seen  with  .special 
staining  techniques.  This  report  was  considered  compatible  with  what  is  found 
in  sarcoidosis. 

Nickerson-Kveim  skin  tests  were  performed  and  these  were  microscopically 
positive  at  several  sites. 

In  summary  then,  we  have  a  35  year  old  man  with  minor  respiratory  symptoms 


Fig.  1.  Chest  film  showing  bilateral  hilar  node  enlargement  with  bilateral  paratracheal 
node.s  as  well.  Hodgkin's  disease  first  suspected  but  Xickerson-Kv^eim  test  and  pre-scalene 
lymph  node  biopsy  revealed  characteristic  picture  of  sarcoidosis. 
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prior  to  admission,  who  on  X-ray  was  fouiicl  to  have  l)ilat('ral  hilar  and  para- 
tracheal  lyniphatUMiopathy.  A  positive  scalene  fat-pad  biopsy  and  jjositive 
Nickerson-Kveim  skin  tests  established  the  diagnosis  of  sarcoidosis. 

The  second  patient  is  a  53  year  old  Pnerto  Rico-born  female  who  was  ad- 
mitted in  April  1952  because  of  severe  polyarthritis  of  four  weeks'  duration.  Thi.s 
involved  her  knees  and  ankles.  Two  weeks  prior  to  admission  she  had  the  onset 
of  a  low-grade  fever  and  occasional  chills.  This  was  follow(>(l  by  the  develop- 
ment of  painful  cutaneous  lesions  below  the  knees  bilaterally. 

The  family  history  was  pertinent;  her  son  and  daughter  both  had  rheumatic 
fever. 

On  physical  examination  the  patient's  temperature  was  found  to  be  eicxatcd 
to  102  degrees.  Her  pulse  was  100.  She  had  an  acutely  tender,  swollen  and  warm 
left  knee  and  ankle.  Subcutaneous  nodules  were  noted  over  the  knees,  ankles, 
olecranon  processes  and  palms,  as  seen  in  erythema  nodosum.  There  was  epi- 
scleritis of  both  eyes.  Examination  of  the  heart  revealed  no  murmurs  and  the 
chest  was  clear  to  percussion  and  au.scultation.  Laboratory  studies  showed  the 
serum  globulin  to  be  three  grams  per  cent.  An  anti-streptolysin  titer  and  an 
L.E.  preparation  were  both  negative.  The  tuberculin  test  was  w'eakly  positive 
and  only  to  the  second  strength  PPD. 

A  biopsy  of  one  of  the  subcutaneous  nodules  showed  a  histological  picture 
compatible  with  erythema  nodosum.  An  electrocardiogram  showed  changes 


Fig.  2,  A.  Bilateral  hilar  node  enlargement  in  patient  .suspected  of  having  acute  rheu- 
matic fever  although  er>thema  nodosum  was  present.  Nickerson  Kveim  test  positive. 
Mesentric  node  removed  during  gall-bladder  surgery  five  months  after  this  film  was  made 
showed  changes  compatible  with  the  diagnosis  of  sarcoidosis. 
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compatible  with  myocarditis.  The  presumptive  diagnosis  at  that  time  was 
acute  rheumatic  fever.  However  the  electrocardiogram  in  five  days  became  nor- 
mal and  a  chest  X-ray  showed  bilateral  hilar  lymphadenopathy  the  nodes  being 
slightly  more  prominent  on  the  right  side.  Because  of  this,  a  Nickerson-Kveim 
intracutaneous  test  was  performed  and  this  was  microscopically  positive. 

Following  two  weeks  of  bedrest  her  symptoms  of  joint  pain  and  fever  subsided 
and  she  was  eventually  discharged  relatively  asymptomatic.  Five  months  later, 
following  an  episode  of  acute  cholecystitis  a  cholecystectomy  was  performed. 
At  laparotomy  in  addition  to  the  acutely  enlarged  gall-bladder,  mesenteric  nodes 
were  noted.  One  of  these  was  removed  and  the  histological  picture  was  com- 
patible with  sarcoidosis.  A  chest  X-ray  one  year  later  showed  regression  of  the 
nodal  enlargement. 

In  summary,  this  53  year  old  woman  presented  initially  with  a  clinical  picture 
of  migratory  polyarthritis,  fever  and  myocarditis  by  electrocardiogram  and  the 
original  diagnosis  was  acute  rheumatic  fever.  A  few  days  later  there  developed 
erythema  nodosum  and  hilar  lymphadenopathy  was  found;  the  so-called  erythema 
nodosum  syndrome.  However,  with  a  positive  Nickerson-Kveim  test  and  later 
the  positive  histological  picture  by  lymph  node  biopsy,  the  diagnosis  of  sar- 
coidosis was  established,  thereby  explaining  her  clinical  picture. 


Fig.  2,  B.  The  hilar  areas  are  within  normal  limits  one  year  later.  The  patient  made  a 
full  recovery. 
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Chairman  Siltzbach: 

Thank  you,  Dr.  Weissinaii. 

We  have  asked  Dr.  Mortimer  K.  Bader  to  (lis(;u.s.s  these  two  eases  and  to  make 
some  general  remarks  on  the  problem  of  bilateral  hilar  adenopathy  and  erythema 
nodosum  in  sarcoidosis. 

Dr.  Mortimer  I].  Bader: 

Bilateral  hilar  lymph  node  enlargement  is  seen  as  the  first  roentgenographic 
evidence  of  sarcoidosis  in  30  to  (iO  per  cent  of  the  cases,  mo.st  often  without 
detectable  associated  e\  idence  of  .sarcoidosis  such  as  abnormalities  in  the  eyes, 
skin  or  bones.  When  serial  chest  x-rays  are  available  dating  back  to  the  onset 
of  di.sease,  the  incidence  of  hilar  node  enlargement  approaches  90  per  cent. 
It  should  be  noted  however  that  bilateral  hilar  lymphadenopathy  may  be  due  to 
a  wide  variety  of  causes  including  lymphomatous  diseases,  metastatic  carcinoma, 
or  may  be  simulated  by  engorgement  of  the  pulmonary  blood  ve.s.sels  in  heart 
failure.  The  advent  of  improved  biop.sy  technicjues  and  the  Xickerson-Kveim 
test  have,  however,  demonstrated  that,  in  the  adult,  isolated  .symmetrical 
bilateral  hilar  lymphadenopathy  is  mo.st  frequently  due  to  sarcoidosis. 

The  first  case  presented  by  Dr.  Weissman  illustrates  several  features  which  are 
typical  of  this  manifestation  of  sarcoidosis.  Establishment  of  the  diagnosis  was 
possible  only  after  the  Xickerson-Kveim  test  was  positive  and  the  scalene  fat- 
pad  biopsy  confirmed  it. 

It  is  obvious  that  bilateral  hilar  node  enlargement  occurring  in  conjunction 
with  uveitis,  parotid  enlargement  or  skin  changes  should  immediatelj'  suggest 
the  proper  diagnosis.  Also  if  superficial  lymphadenopathy  exists  which  is  readily 
accessible  for  biopsy,  there  is  no  real  problem.  However,  when  the  bilateral  hilar 
Ij-mphadenopathy  apparently  exists  alone,  then  the  two  measures  resorted  to  in 
the  first  case  make  diagnosis  possible. 

Doctors  Louis  E.  Siltzbach  and  ^lark  Imberman  afforded  me  the  opportunity 
of  reviewing  their  experiences  in  the  .sarcoidosis  clinic  of  The  Mount  Sinai  Hospital. 
Their  data  relating  to  hilar  lymphadenopathy  and  erythema  nodosum  in  sarcoi- 
dosis will  be  reported  more  fully  elsewhere.  For  the  present,  suffice  it  to  say,  their 
findings  indicate  that  the  Xickerson-Kveim  test  is  positive  in  about  90  per  cent 
of  instances  of  bilateral  hilar  node  enlargement  due  to  sarcoidosis.  Scalene  fat- 
pad  biopsies  are  positive  in  about  GO  per  cent  of  the  cases  in  this  and  in  larger 
series.  These  two  observations  plus  the  findings  in  our  series  of  tuberculin  in- 
sensitivity  to  usual  do.ses  in  more  than  85  per  cent  of  such  ca.ses  help  establish 
the  diagnosis. 

From  the  differential  diagnostic  standpoint,  tuberculosis  rarely  appears  in 
this  fashon  since  it  u.suallj'  produces  a  positive  tuberculin  skin  te.st  and  unilateral 
hilar  node  enlargement,  although  occa.sional  exceptions  may  occur.  Lymphom- 
atous diseases  may  be  excluded  by  clinical  findings  in  the  blood,  by  Ij^mphad- 
enopathy  elsewhere  permitting  biopsy  differentiation  and  by  the  absence  of  a 
positive  X'ickerson-Kveim  test. 

^Metastatic  carcinoma  may  also  produce  bilateral  hilar  lymph  node  enlarge- 
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merit  as  a  presenting  radiographic  finding,  but  this  is  uncommon.  Careful  search 
for  the  primary  site  of  the  tumor  as  well  as  the  ominous  clinical  course  will 
exclude  the  diagnosis  of  sarcoidosis.  Furthermore,  there  is  about  a  90  per  cent 
chance,  as  stated  previously,  that  a  positive  Xickerson-Kveim  intracutaneous 
test  will  be  fovnid  if  sarcoidosis  of  the  hilar  nodes  is  indeed  present. 

The  second  case  was  presented  to  illustrate  a  problem  in  diagnosis  and  to 
emphasize  the  relationship  of  erythema  nodosum  to  sarcoidosis.  The  case,  as 
you  heard,  was  that  of  a  female  with  a  clinical  picture  of  erythema  nodosum, 
with  joint  symptoms  which  were  originally  considered  to  represent  acute  rheu- 
matic fcA-er.  Howe\-er,  because  of  enlarged  hilar  lymph  nodes,  a  Xickerson- 
Kveim  test  was  done  and  was  found  positive.  The  diagnosis  of  sarcoidosis  was 
confirmed  when  a  mesenteric  lymph  node  was  excised  at  the  time  of  chole- 
cy.stectomy  and  re\'ealed  typical  non-caseating  tubercles  in  the  node. 

It  is  appropriate  at  this  point  to  consider  the  syndrome  of  erythema  nodosum 
per  se.  Briefly,  it  is  characterized  by  a  triad  of  .symptoms;  joint  swelling  and  red- 
ness, skin  lesions  consisting  of  reddish  tender  elevated  warm  areas  up  to  several 
centimeters  in  size  located  on  the  anterior  tibial  surface  of  the  leg;  and  finallj' 
by  an  episcleritis  in  some  cases.  Fever  as  high  as  102  degrees  Fahrenheit  is  seen, 
but  less  constantly  and  more  rarely  there  may  be  electrocardiographic  changes. 
It  should  be  emphasized  that  the  clinical  picture  of  erythema  nodosum  is  the 
same  regardless  of  etiology,  although  the  incubation  period  may  differ  de- 
pending upon  the  cause. 

The  skin  nodules  and  joint  symptoms  are  short -li\'ed,  lasting  from  two  to  six 
weeks,  but  they  may  recur.  Half  of  the  ca.ses  of  erythema  nodosum  occur  in 
children  and  bear  no  relationship  to  sarcoidosis.  In  children,  males  are  affected 
almost  as  frequently  as  females  and  the  usual  etiology  is  sensitivity  to  strepto- 
coccal infection  or  to  some  drug. 

The  picture  in  adults  in  cjuite  different.  Here  eiythema  nodosum  may  appear 
with  or  without  bilateral  hilar  lymphadenopathy  or  with  unilateral  hilar  lym- 
phadenopathy.  In  those  cases  without  any  node  enlargement,  a  negative  Xickerson- 
Kveim  test  is  found,  and  the  usual  etiology  is  again,  in  adults,  sensitivity  to  a 
drug  or  streptococcal  infection.  Another  but  less  common  cause  of  erythema 
nodosum  in  this  geographic  area,  is  ulcerative  colitis.  More  rarely  we  encounter 
it  in  leprosy,  and  lymphogranuloma  venereum. 

If  erythema  nodosum  occurs  with  unilateral  hilar  node  invoh'ement,  tuber- 
culosis or  coccidioidomycosis  should  be  su.spected.  Sarcoidosis  can  usually  be 
excluded  by  a  negative  Xickerson-K\'eim  skin  test  and  by  the  fact  that  the  tu- 
berculin or  coccidioidin  skin  test  will  be  positive  depending  on  which  of  these 
infections  is  present. 

Finally,  erythema  nodosum  associated  with  bilateral  hilar  node  enlargement 
must  be  considered.  In  all  twenty  of  our  cases  the  Xickerson-Kveim  test  has  been 
positive,  and  about  85  per  cent  of  these  have  had  in.sensitivity  to  tuberculin. 
The  incidence  of  erythema  nodosum  combined  with  enlarged  hilar  nodes  as  a 
mode  of  onset  of  sarcoidosis  is  about  ten  per  cent  of  cases  seen  in  the  Sarcoidosis 
CHnic.  It  rarely  occurred  in  the  male,  the  ratio  being  19  female  to  one  male. 
Indeed,  if  one  considers  only  the  female  population,  then  erythema  nodosum 
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and  l)ilat('ral  hilar  nodv  (MilarfrcnuMit  was  tho  first  si<rn  of  sarcoidosis  in  almost  20 
per  ('(M>t  of  tho  cases  in  this  sex.  An  even  hiiihcr  inci(lciic(>  has  l)(>cn  reported  hy 
others.  I"or  example,  Loefi^ren  of  Stockliolm  found  an  incidence  in  all  cases, 
male  and  feinal(\  as  hi<!;h  as  li;>  out  of  2\'2  cases  or  {greater  than  fifty  per  cent. 

As  a  rule,  bilateral  hilar  node  enlar<iement  pr(>cedes  or  accompanies  the  ap- 
pearance of  erythema  nodosum.  This  was  true  in  excry  case  hut  one  of  our 
seri(>s. 

In  the  past  erythema  nodosum  was  oft(Mi  considered  to  i)e  fre(|uently  related  to 
tuberculosis  or  rheumatic  fever.  This  hiffh  incidence  is  now  .>^eriously  (|uestione(l. 
l-'or  example,  in  121  cases  of  erythema  nodosum  from  this  hospital,  only  four 
had  tul)ercul()sis,  usually  with  unilateral  node  enlarffeinent  or  a  pleural  effusion 
plus  a  positive  tulierculin  test.  Similarly,  of  155  cases  of  erythema  nodosum  i-e- 
ported  at  Peter  Bent  Hrij^ham  Hospital  only  four  had  tuberculosis. 

Insofar  as  rheumatic  fever  is  concerned,  the  puri)oi't(>d  association  with 
erythema  nodosum  in  the  past  is  not  surpi'isinjj;  in  view  of  the  fever  and  migratory 
polyarthritis  which  l)elonf>;  to  the  erythema  nodosum  .syndrome.  We  could  find 
only  one  instance  in  the  Mount  Sinai  records  in  which  there  was  a  probal)le 
relationship  between  the  initial  attack  of  acute  rheumatic  fever  and  erythema 
nodosum.  In  six  hundred  cases  of  acute  rheumatic  fever  studied  at  a  large 
convalescent  home  devoted  to  the  care  of  patients  with  this  disease,  only  two 
began  with  erythema  nodosum.  In  th(>  adult  the  rare  possibility  of  acute  rheu- 
matic fever  l)eing  the  etiological  factor  producing  this  syndrome  may  l)e  excluded 
by  following  the  antistreptolysin  titer,  by  the  Xickerson-Kveim  test  and  by  the 
presence  of  bilateral  hilar  lymphadenopathy.  It  may  be  conclutled  therefore  that 
tuberculin-negative  bilateral  hilar  lymphadenopathy  with  erythema  nodosum  in 
this  area  is  practically  always  a  manifestation  of  sarcoidosis. 

Treatment  in  these  cases  of  bilateral  hilar  sarcoidosis  with  or  withf)Ut  erythema 
nodosum  is  no  special  problem  since  none  is  refjuired.  In  general,  patients  with 
the  hilar  node  manifestations  have  a  very  favorable  prognosis.  In  80  to  1)0  per 
cent  there  is  clearing  of  the  chest  film  within  twf)  years  with  no  further  sefiuelae. 
The  remainder  have  either  an  unchanged  film  or  less  commonly  go  on  to  fibrotic 
changes  in  the  lung  field  or  ha\'e  extra-thoracic  sarcoid  lesions.  The  benign 
course  helps  to  differentiate  this  condition  in  some  ca.ses  from  metastatic  or 
other  malignant  involvement  of  the  hilar  nodes.  Here  followed  illustrative  cases 
of  hilar  and  mediastinal  node  enlargement  cau.sed  by  conditions  oth(>r  than 
sarcoidosis. 

Summarizing:  The  feeling  of  the  .sarcoidosis  group  at  this  hospital  may  be 
summed  up  as  follows: 

1)  Bilateral  bronchopulmonary  node  enlargement  is  a  connnon-i)lace  finding 
in  .sarcoidosis,  and  an  unusual  occurrence  in  other  conditions. 

2)  Erythema  nodosum  when  combined  with  bilateral  hilar  node  enlargement 
is,  regarded  in  our  hospital,  almost  exclusively  as  an  expression  of  early  sar- 
coidosis. Almost  all  such  patients  are  or  become  tuberculin  in.sensitive.  Females 
far  outnumber  males  and  the  prognosis  in  the  bilateral  hilar  node  syndrome  in 
.sarcoidosis  is  usually  excellent. 

3)  Erythema  nodosum  with  a  normal  chest  film  usually  spells  streptococcal 
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infection,  sensitivity  to  drugs  or  ulcerative  colitis.  In  rare  instances  here  but  more 
common  in  other  areas,  it  may  be  associated  with  a  variety  of  infectious  diseases. 
Erythema  nodosum  with  unilateral  enlargement  of  hilar  nodes  may  occur  in 
tuberculosis  or  coccidioidomycosis. 

4)  Rheumatic  fever  is  easily  confused  with  the  joint  swelling  that  accompanies 
erythema  nodosum.  However,  rheumatic  fever  rarely  starts  with  erythema 
nodosum. 

5)  The  bilateral  hilar  node  syndrome  accompanied  by  erythema  nodosum 
in  tuberculin-negative  individuals  in  this  area  is  practically  always  due  to  sar- 
coidosis. 

Chairman  Siltzbach: 

Thank  you,  Dr.  Bader.  Vou  have  presented  the  views  of  our  sarcoidosis  group 
on  this  subject  most  clearly. 

The  next  presentation  is  on  the  "Uveo-Parotid  Syndrome,"  and  the  case  will 
be  presented  by  Dr.  Louis  Southren. 

Dr.  A.  Louis  Southren : 

The  patient,  a  20  year  old  Puerto-Rican  born  carpenter  was  admitted  to  the 
Sarcoidosis  Clinic  of  Mount  Sinai  Hospital  on  May  16,  1950  with  lung  infiltra- 
tions and  enlarged  mediastinal  lymph  nodes  found  two  weeks  previously  in  a 
survey  chest  film.  However,  his  illness  began  six  months  prior  to  admission  when 
he  had  an  attack  of  parotid  swelling  which  lasted  two  months  and  was  associated 
with  low  grade  fever.  There  were  no  ocular  complaints  at  the  time.  He  was 
admitted  to  another  Hospital  for  eighteen  days  where  a  diagnosis  of  mumps  was 
made.  Xo  chest  film  was  taken  and  sarcoidosis  wasn't  suspected.  Physical  exami- 
nation on  admission  to  the  Sarcoidosis  Clinic  revealed  bilaterally  palpable 
parotid  glands  of  rubbery  consistency.  There  were  also  enlarged  posterior  cervical 
nodes.  A  liver  palpable  two  fingers  below  the  right  costal  margin  was  found. 
The  spleen  was  not  palpable. 

The  Xickerson-Kveim  test  was  positive  and  biopsy  of  one  of  the  lymph  nodes 
on  April  26,  1950  showed  a  picture  compatible  with  sarcoidosis.  Tubercuhn 
tests  were  negative.  Chest  X-ray  in  1950  showed  bilateral  hilar  and  right  para- 
tracheal  lymph  node  enlargement  with  fine  nodular  stippling  throughout  both 
lung  fields. 

The  patient  had  a  mild  uveitis  in  both  eyes  with  numerous  keratic  precipitates. 
The  serum  calcium  was  elevated  to  13.3  milligrams  per  cent  with  an  elevated 
globulin  of  5.9  grams  per  cent. 

During  the  next  six  months  the  patient's  condition  improved  spontaneoush^ 
but  then  fairly  suddenly  both  parotids  became  markedly  enlarged  and  were  now 
associated  with  enlargement  of  the  inguinal  and  sub-mental  nodes  which  were  not 
enlarged  previously.  He  was  admitted  to  Mount  Sinai  Hospital  in  December 
1950  where  an  eleven-week  course  of  oral  cortisone  was  started.  The  patient  re- 
ceived 100  mg.  of  cortisone  per  day  or  a  total  of  10.2  grams  in  all.  In  one  week 
the  parotid  glands  decrea.sed  in  size  and  he  was  discharged  to  be  followed  in  the 
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Sarcoidosis  (^linic.  After  two  weoks  tlio  lymph  nodes  in  both  ingiiin;d  and  sub- 
mental regions  began  to  shrink.  This  improvement  continued  until  the  25th 
day  of  treatment  when  the  patient,  being  unable  to  appear  for  th(>  drug,  missed 
one  week  of  therapy.  During  the  lapse,  the  parotid  swelling  promptly  recurred 
and  the  glands  regained  their  former  size.  The  Ij'inph  nodes,  howe\er  did  not 
flare  up  and  after  two  more  weeks  of  therapy,  the  parotids  again  responded. 
Thereafter  both  nodes  and  parotid  glands  continued  to  decline  until  after  eight 
weeks  of  treatment  neither  could  be  felt.  On  the  70th  and  75th  day  respectively, 
an  inguinal  and  sub-mental  node  were  excised  for  histologic  examination.  The 
node  revealed  extensive  replacement  of  the  lymphoid  ti.ssue  with  hvalinized 
connective  tissue.  There  were  a  few  residual  granulomas  seen  after  careful  search. 

The  pulmonary  lesions  which  were  regressing  before  cortisone  were  barely 
visible  after  one  month  of  therapy.  The  mediastinal  lymph  nodes  also  dwindled. 
The  uvcMtis  remained  (juiescent. 

Following  the  initial  response  to  cortisone,  the  patient  experienced  recurrent 
parotid  swelling  every  few  years  which  generally  cleared  spontaneously  after  a 
short  interval.  He  was  able  to  work  without  difhculty.  However,  in  March  1957 
the  patient  returned  to  the  Sarcoidosis  Clinic  because  of  a  nine-months  history 
of  substantial  parotid  swelling.  Xo  dyspnea  or  visual  difficulties  were  noted.  The 
parotids  were  large  and  firm  and  hepatosplenomegaly  was  noted.  There  were  no 
enlarged  peripheral  lymph  nodes  and  the  eyes  were  asymptomatic. 

The  clinical  findings  were  normal  except  for  a  slightly  elevated  serum  globulin 
level.  Repeat  chest  X-ray  showed  only  residual  streaking  bilaterally.  A  needle 
aspiration  biopsy  was  performed  on  the  right  parotid  gland  and  this  showed 
characteristic  granulomas  of  sarcoidosis.  Prednisone  therapy  was  begun  with  good 
response. 

In  summary,  we  had  a  patient  who  was  first  thought  to  have  mumps  but  was 
suspected  of  having  sarcoidosis  after  a  chest  survey  film  showed  enlarged  hilar 
lymph  nodes  plus  miliary  nodulation  in  both  lung  fields.  The  diagnosis  of  sar- 
coidosis w'as  established  with  the  aid  of  a  Xickerson-Kveim  test  and  lymph  node 
biopsy.  He  had  an  excellent  response  to  steroid  therapy  but  was  unusual  in  the 
respect  that  while  most  areas  of  sarcoid  invoh'ement  did  not  show  recurrence, 
the  parotid  glands  pursued  a  smoldering  and  exacerbating  course. 

Chairman  Siltzbach: 

Thank  you,  Dr.  Southren. 

I  think  Dr.  (irossman  who  will  discuss  this  case  will  also  show  you  the  needle 
biop.s\'  of  the  parotid  gland  made  here. 
Dr.  Grossman  of  the  Sarcoidosis  Clinic. 

Dr.  Howard  Grossman: 

The  case  ju.st  presented  represents  a  classical  example  of  uveo-parotid  .syn- 
drome, .sometimes  known  as  Heerfordt's  syndrome.  It  has  l)ocome  common  prac- 
tice for  us  to  think  of  parotid  and  uveal  involvement  as  being  almost  inseparable 
in  sarcoidosis.  Yet,  as  you  will  see  in  Table  I  u\eitis  without  salivary  gland 
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TABLE  1 

Ocular,  lacrimal  and  salivary  gland  involvement  in  sarcoidosis 


(40  patients  among  200  patients  with  this  disease) 

Organ  Involved 

Number  of  Patients 

Per  Cent 

Eyes  

32 
7 
16 



16.0 
3.5 
8.0 

Lacrimal  glands  

Salivary  glands  

Combined  forms — Heerfordt's  and  Mikulicz's  sj'ndrome 

L'veo-parotid  (Heerfordtj  

Salivary  and/or  lacrimal  glands  (Mikulicz)  

9 

4.5 
4.0 

L'nassociated  involvement* 

Eves  alone  

Salivary  or  lacrimal  alone  

23 
4 

11.5 
2.0 

*  All  patients  but  one  had  lesions  of  sarcoidosis  elsewhere  as  well. 


disease  is  the  more  common  occurrence  and  that  the  combined  uveo-parotid 
syndrome  ranks  lower  in  incidence. 

The  table  relates  to  our  experiences  \vith  ocular,  lacrimal  and  salivary  gland 
involvement  in  sarcoidosis.  We  have  had  forty  such  patients  among  200  patients 
with  sarcoidisos  or  an  incidence  of  20  per  cent  of  ocular  or  .salivary  gland  in\  olve- 
fnent.  Of  the  organs  involved,  the  eye  showed  a  16  per  cent  incidence  in  combina- 
tion with  lacrimal  or  salivary  gland  enlargement.  Uveitis  alone  represented  ll.o 
per  cent. 

Lacrimal  gland  in\-oh-ement  was  present  in  3.5  per  cent  of  the  cases,  and 
salivary  gland  in\-oh-ement  in  8  per  cent.  The  combined  forms  represent  two 
types,  the  so-called  Heerfordt's  Syndrome,  which  is  actually  the  uveo-parotid 
syndrome,  present  in  4.5  per  cent  of  our  cases  arid  the  salivary  and/or  lacrimal 
gland  which  is  known  as  Mikulicz's  syndrome  present  in  four  per  cent  of  our 
ca.ses.  It  is  also  to  be  noted  that  all  patients  but  one  had  lesions  of  sarcoidosis 
elsewhere  in  the  body  as  well. 

Next  to  pulmonary  invoh^ement  the  commonest  disabling  form  of  sarcoidosis 
is  uveitis.  In  any  case  of  proven  or  su.spected  sarcoidosis  the  uveal  tract  must  be 
examined  with  the  slit-lamp  to  detect  the  possible  presence  of  uveitis.  Often  the 
piatient  may  ha\e  asymptomatic  involvement  either  fresh  or  old.  In  the  acute 
phase  of  uveitis  the  patient  may  complain  of  bliuTing  of  vision,  excessi^'e 
lacrimation  or  even  pain  in  the  orbit.  Inspection  under  the  slit-lamp  is  character- 
ized by  an  acute  inflammatory  reaction.  Ciliary  congestion,  turbid  aqueous 
humor,  keratic  precipitates,  sometimes  of  the  so-called  "mutton-fat  variet}%" 
are  often  seen. 

In  the  chronic  form  of  sarcoid  uveitis  ciliary  congestion  is  usually  absent  but 
the  anterior  and  posterior  chambers  of  the  eyes  are  cloudy  and  cells  are  pres- 
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ent.  Xodules  may  1)0  seen  in  th(>  iris  which  n'jiresent  sarcoid  <;raniil()inata  and 
synechiae  are  common. 

Patients  with  uveitis  are  perhaps  more  prone  than  others  to  granulomatous 
central  nervous  system  involvement  which  can  occasionally  he  ([uite  serious. 
This  takes  the  form  of  cranial  nerve,  peripheral  nerve  or  even  brain  and  meningeal 
lesions. 

In  the  healing  phase  of  uveitis  fibrosis  of  the  graiuilomas  sometimes  with 
hyalin  or  para-amyloid  deposition,  takes  place  and  may  lead  to  disorganization 
of  the  globe  and  total  loss  of  sight.  I'igure  'A  shows  the  microscopic  appearance 
of  an  enucleated  eye  which  had  undergone  phthisis  bulbi  secondary  to  extensive 
uveitis.  The  sarcoid  follicles  are  still  visible  in  the  ciliary  body.  Of  patients 
we  have  seen  with  ocular  involvement,  .seven  became  blind  in  one  or  both  eyes. 
Only  one  of  the  blind  patients  recovered  her  \  ision  totally  on  steroid  therapy. 
That  patient  had  loss  of  vision  for  nine  months  and  was  totally  blind  for  five 
months  before  therapy.  Initially  that  patient  .showed  steamy  cornea  seen  in 
both  eyes.  Steroid  therapy  was  initated  and  four  weeks  later  there  was  a  marked 
improvement  in  the  cornea  with  recovery  of  90%  of  vision  which  she  retained 
during  the  next  eight  years  of  observation. 

Like  the  eyes,  the  parotids  are  generally  involved  early  in  the  acute  phase  of 
sarcoidosis  and  may  have  many  periods  of  exacerbation  and  remission.  Recur- 
rences of  parotid  swelling  are  occasionally  seen  under  steroitl  therapy  when  the 
do.sage  is  lowered  too  (juickly.  Yet  once  the  parotid  swelling  has  subsided,  it 


Fk;.  H.  Microscopic  appparance  of  a  portion  of  an  eye  oniiclcalod  for  phthisis  l)ull)i 
causpd  i)y  chronic  sarcoidosis  of  tho  nvoal  tract.  Tlic  partly  fil)rotic  sarcoid  follicles  com 
pletely  re{)iace  the  ciliary  body  seen  in  the  lower  left  hand  portion  of  the  illustration. 


564 


CLINICAL  COXFEREXCE 


usually  does  not  recur.  It  is  of  interest  that  Dr.  Southren's  patient  had  a  sig- 
nificant recurrence  of  parotid  enlargement  seven  years  later,  an  unusual  phe- 
nomenon in  sarcoidosis. 

The  facial  palsy  often  seen  in  parotid  enlargement  is  of  a  peripheral  type  and 
is  of  unkno^ni  etiology.  It  has  been  felt  to  be  secondary  to  pressure  of  the  en- 
larged gland  on  the  nerve.  However,  we,  as  well  as  others,  have  seen  paralysis 
without  obvious  parotid  swelling.  We  have  seen  two  cases  in  which  at  different 
times  both  facial  nerves  were  alternately  affected.  One  of  these  patients  had 
peripheral  nerve  involvement'in  her  lower  extremity'. 

When  lacrimal  glands  are  involved  with  .sarcoidosis  the  involved  gland  is  not 
attached  to  the  skin  and  is  of  a  firm  and  nodular  consistency.  We  have  seen  one 
patient  recently  with  a  huge  mass  in  the  left  eye,  first  mistaken  for  a  malignant 
orbital  tumor.  The  patient  later  demonstrated  bilateral  parotid  swelling  and  an 
enlarged  right  hilar  lymph  node.  The  microscopic  section  of  the  excised  ocular 
mass  showed  typical  sarcoid  granulomas  crowding  out  normal  lacrimal  glandular 
tissue.  The  tumor  was  in  fact  an  enormously  enlarged  lacrimal  gland.  The  patient 
also  had  a  positive  skin  biopsy  and  a  positive  Xickerson-Kveim  test.  One  month 
later  lacrimal  swelling  of  the  other  eye  developed  which  responded  dramatically 
to  steroid  therapy. 

Lesions  of  the  conjunctivae  are  considered  less  common.  Small  nodules  or 
large  follicles  may  occur  in  the  palpebral  conjunctivae,  bulbar  conjunctivae 
or  cul  de  sac.  The  nodules  are  firm,  painless,  removable  and  yellow-brown  or 
yellow-red  in  color.  They  can  cause  considerable  bulbar  congestion  and  photo- 
phobia. 

We  treat  all  patients  with  uveitis  because  of  fear  of  .secondary  glaucoma  from 
synechiae  which  may  lead  to  phthisis  bulbi. 

In  general  we  do  not  find  that  topical  .steroid  therapy  alone  is  efficacious. 
Although  most  cases  of  mild  anterior  chamber  involvement  are  .self-limiting, 
the  dangers  of  secondary  glaucoma,  of  phthisis  bulbi  are  great  enough  to  warrant 
therapy  with  systemic  corticosteroids.  Inactive  uveitis  is  not  treated  with  ste- 
roids nor  is  parotid  enlargement  in  sarcoidosis  treated  unless  extremely  dis- 
figuring, or  there  are  other  associated  lesions  necessitating  treatment  or  the  dry- 
ness of  the  mouth  or  pain  is  excessively  discomforting  to  the  patient. 

Our  approach  to  the  treatment  of  lacrimal  gland  involvement  is  similar  to 
that  of  parotid  enlargement. 

Chairman  Siltzbach: 

Thank  you  very  much.  Dr.  Gro.ssman. 

I  think  we  might  add  that  our  starting  prednisone  dosage,  is  usually  between 
20  and  30  milligrams  of  prednisone  and  we  try  to  get  the  patient  down  to  ten 
milligrams  in  four  to  six  weeks,  a  dosage  which  we  find  adequate  for  most  patients 
as  maintenance  therapy.  Our  courses  generally  last  about  six  months  but  un- 
commonly are  maintained  indefinitely. 

The  next  presentation  concerns  a  patient  in  whom  there  was  an  unusual  location 
of  sarcoidosis  in  a  major  bronchus.  This  case  will  be  pre.sented  by  Dr.  Melvin 
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Kahii  and  tluMi  I  .sluill  have  something  to  say  about  l)ron(;hial  ami  pulmonary 
sarcoidosis. 

Dr.  Mclvin  Kahn: 

The  patient,  a  40  year  old  white  male,  was  admitted  to  the  Mount  Sinai 
Hospital  on  Mareh  2,  1951  complaining  of  fever,  cough  and  night  sweats.  About 
one  year  prior  to  admission  he  noted  a  dry  paroxysmal  cough  with  intervals  of 
^vheezing  respiration. 

Two  months  before  admission  his  cough  became  more  severe  with  production 
of  three  ounces  of  yellow  sputum  daily.  For  one  month  jirevious  to  admission  he 
had  nightly  fever  to  102  degrees  with  iiight  sweats,  accompanied  by  a  weight  loss 
of  18  pounds.  In  spite  of  penicillin  therapy  symptoms  progressed  and  hospitali- 
zation was  advised. 

On  admission  the  patient  appeared  acutely  ill.  He  was  diaphoretic  with  modcM-- 
ate  cyanosis  of  the  lips  and  nail-beds.  Sub-crepitant  ral(\s  and  rhonchi  were  heard 
over  the  right  hemithorax  with  prolonged  wheezing  expiration.  There  was  slight 
enlargement  of  the  posterior  cervical  and  inguinal  lymph  nodes  The  spleen  was 
palpated  three  finger  breadths  below  the  left  costal  margin. 

The  white  count  re\-ealed  a  slight  shift  to  the  left  with  a  hemoglobin  of  ten 


Fig.  4,  A.  Cliest  film  showing  shrinkage  and  consolidation  of  right  iniddlp  lol)p  caused 
l)y  suppuration  hehiiid  a  bronchial  strictui'e  composed  of  sarcoid  tis.-iuo. 
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grams.  The  erythrocyte  sedimentation  rate  was  40  milHmeters  (Westergren) 
with  a  serum  albumin  of  3.6  grams  and  a  globulin  of  3.5  grams  per  100  cc. 

Sputum  culture  yielded  a  normal  flora.  Examinations  for  acid-fast  bacilli 
were  negative. 

As  the  chest  X-ray  on  March  20,  1951  shows,  there  was  .shrinkage  and  consoli- 
dation of  the  right  middle  lobe.  In  addition  there  were  faint  linear  streaks  and 
nodular  densities  in  both  midzones,  with  a  prominence  of  the  left  hilar  shadow. 

Bronchoscopy  revealed  a  copious  flow  of  thick  noiiodorous  pus  welling  out 
of  the  right  middle  lobe  orifice  preventing  adequate  visualization  of  the  right 
middle  lobe  lumen.  Xo  biop.sy  was  performed.  A  bronchiogram  showed  cylindrical 
bronchiectasis  of  the  right  middle  lobe  as  .seen  in  the  right  lateral  view.  The 
bronchi  of  the  other  lobe  segments  were  apparently  normal.  (l*"ig  4B). 


Fig.  4,  B.  Bronchogram  with  lipiodol  made  in  the  right  hiteral  view  to  demonstrate 
cylindrical  and  saccular  bronchiecta.si.s  of  the  right  middle  lobe  in  the  same  patient.  The 
mouth  of  the  right  middle  lobe  was  narrowed  by  sarcoid  tissue. 
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The  cliniciil  impression  was  that  tlio  patient  had  bronchiectasis  witii  a  snppura- 
tive  bronchopneumonia  of  the  ri}!;ht  middle  lobe  probably  secondary  to  bron- 
chohthiasis.  Splenomegaly  was  nnexplained  bnt  assumed  to  be  due  to  a  secondary 
amyloidosis. 

In  spite  of  a  regimen  of  antibiotics  for  six  weeks  the  i)atient  continued  with 
wheezing,  weight  loss  and  fever.  Sputum  volume  was  100  cc.  daily. 

Bronchoscopy  was  repeated  after  four  weeks  and  the  nnicosa  of  the  right 


Fig.  4,  C.  Microscopic-  appearance  of  a  bronchial  biop.sy  of  the  wall  of  the  riglit  middle 
lobe  in  the  same  patient.  The  .section shows  a  typical  non-casoatingtiibercle  witha  giant  cell 
located  in  the  siihmucosa.  Note  bronchial  glands  above  and  to  the  right. 
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middle  lobe  bronchus  was  noted  to  be  granular  and  thickened  causing  narrowing 
of  the  lumen.  A  biopsy  was  obtained  from  the  abnormal  appearing  mucosa.  The 
remainder  of  the  bronchial  tree  was  noted  to  be  normal. 

Microscopic  sections  showed  that  the  submucosa  was  infiltrated  with  non- 
caseating  epithelioid  cell  granulomas  with  giant  cells  surrounded  by  inflammatory 
cells.  (Fig.  4C).  Stains  for  acid-fast  bacilli  were  negative.  Bronchoscopic  bi- 
opsy was  repeated  one  week  later  with  the  same  results. 

Because  of  these  findings  further  investigations  were  carried  out.  Tuberculin 
skin  tests  with  OT  up  to  1 : 160  dilution  were  negative  as  were  histoplasmin  and 
coccidioidin  tests.  An  axillary  lymph  node  biopsy  revealed  the  same  non-caseating 
granulomata  with  giant  cells  surrounded  by  inflammatory  cells.  Acid  fast  stains 
were  negative.  The  Nickerson-Kveim  test  was  positive.  A  quiescent  uveitis  of  the 
right  eye  rounded  out  the  clinical  picture. 

A  chest  x-ray  made  one  year  prior  to  admission  was  obtained  and  revealed 
bilateral  hilar  lymph  node  enlargement  with  a  fine  nodular  seeding  and  linear 
streaking  in  both  lung  fields.  The  right  middle  lobe  process  was  not  evident  at 
that  time. 

It  appeared  therefore  that  the  patient  had  a  generalized  sarcoidosis  involving 
peripheral  and  mediastinal  lymph  nodes,  spleen,  right  uveal  tract  and  lungs  with 
submucosal  involvement  of  a  major  bronchus.  Lobectomy  was  considered  in  view 
of  the  poor  therapeutic  response  with  antibiotics,  but  it  was  feared  that  endo- 
bronchial involvement  with  sarcoidosis  might  interfere  with  healing  of  the 
bronchial  stump  and  lead  to  a  broncho-pleural  fistula. 

The  patient  was  therefore  started  on  cortisone,  100  to  150  milligrams  daily 
with  antibiotic  coverage,  and  a  fall  in  fever  with  reduction  in  sputum  volume 
and  a  gradual  shrinkage  of  peripheral  lymph  nodes  occurred.  .After  three  weeks 
of  therapy  the  right  middle  lobe  orifice  was  noted  to  be  widely  patent  by  repeat 
bronchoscopy.  A  chest  x-ray  after  five  weeks  revealed  marked  clearing  of  the 
right  middle  lobe  consolidation  with  residual  streaking.  The  diffuse  nodular  and 
linear  densities  were  no  longer  apparent,  but  the  left  hilar  enlargement  was  still 
prominent. 

The  patient  was  discharged  with  maintenance  hormonal  therapy.  He  had 
residual  streaking  of  the  right  middle  lobe  and  some  moist  rales  heard  over  this 
area. 

Since  discharge,  the  patient  has  been  able  to  resume  his  usual  occupation.  He 
had  occasional  exacerbations  of  cough  and  sputum  which  were  treated  with 
antibiotics  and  increased  steroids.  Attempts  to  stop  steroids  have  resulted  in 
exacerbation  of  his  symptoms  and  a  small  maintenance  dose  has  been  required. 
During  the  last  year,  he  has  required  from  73^2  to  10  milligrams  of  prednisone 
daily. 

For  five  years  following  discharge,  bronchoscopies  revealed  slight  thickening  of 
the  spur  of  the  right  middle  lobe  bronchus  with  biopsies  repeatedly  showing 
sarcoid  follicles.  The  last  positive  bronchoscopic  biopsy  was  found  in  December 
1956,  more  than  five  years  after  the  first  positive  biop.sy.  In  October  1957,  the 
patient  was  readmitted  to  The  Mount  Sinai  Hospital  and  for  the  first  time 


SARCOIDOSIS 


569 


broiichoscopic  l)iopsy  was  nosativo.  Hronchosrams  at  that  time  showed  consider- 
able diiniimtioii  of  the  hronchiectatic  i)r()cess.  The  spleen  was  still  palpable 
and  in  spite  of  a  persistent  anemia  which  has  not  yet  been  clarified,  the  clinical 
status  has  remained  essentially  unchanfj;(>d  within  the  past  ()j/2  years.  The 
Nickerson-Kveim  test  has  remained  positive  to  date,  i.e. — seven  years. 

Chairman  Siltzbach: 
Thank  you,  Dr.  Kahn : 

The  case  presentation  you  lia\  e  just  heard  is  an  example  of  sarcoidosis  in  which 
the  first  inkling  of  the  diagnosis  was  obtained  by  bronchoseopic  biopsy.  We  have 
one  other  patient  out  of  a  total  of  nine  with  sarcoidosis  of  small  or  large  bronchi 
in  which  the  first  diagnosis  of  sarcoidosis  was  unexpectedly  made  at  bron- 
choscopy. 

This  second  patient  was  a  35  year-old  Xegro  woman  who  had  been  treated 
elsewhere  for  asthma,  bullous  emphysema,  bronchitis  and  bronchiectasis  for  six 
years.  She  had  had  many  attacks  of  pneumonia  from  which  she  recovered  with 
difhculty.  When  we  first  .saw  her  she  was  having  hemoptysis  and  stridor.  She  was 
bronchoscoped  to  locate  the  source  of  the  bleeding. 

Iler  chest  film  (Fig.  5)  .shows  marked  emphysema,  numerous  bullae  and 
trabeculations  in  both  lungs  but  no  enlarged  hilar  nodes.  Bronchoscopy  showed 
only  thickened  and  reddened  mucosa  in  the  right  upper  and  middle  lobe  bronchi. 
But  biopsy  from  both  sites  showed  epithelioid-cell  follicles  in  the  submucosa. 
Her  Nickerson-Kveim  test  was  positive.  We  have  followed  her  for  five  years  now 
through  two  more  .severe  attacks  of  pneumonia  and  a  full-term  delivery  which 
she  bore  with  remarkable  equanimity  in  spite  of  her  marked  stridor.  She  has 
had  one  episode  of  spontaneous  pneumothorax  when  a  bulla  ruptured. 

We  have  had  in  our  series  of  200  patients  with  sarcoidosis  two  who  had  pre- 
dominantly unilateral  lung  lesions,  and  in  both  instances  sarcoid  follicles  were 
found  in  the  submucosa  of  major  bronchi  on  bronchoseopic  biop.sy  although  the 
gross  appearance  of  the  bronchial  wall  w^as  not  remarkable.  One  of  these  patients 
had  asthmatic  attacks.  Her  chest  X-ray  is  show-n  in  ]"'ig.  6. 

Three  more  patients  who.se  bronchoseopic  biopsies  showed  epithelioid-cell 
tubercles  had  either  wheezing  or  cough  which  was  mild  and  not  incapacitating. 

One  may  conclude  that  granulomatous  involvement  of  the  major  bronchi  in 
sarcoidosis  constitutes  more  of  an  annoyance  than  a  threat  to  the  patient  except 
when  narrowing  is  sufficient  to  cause  distal  pulmonary  suppuration.  In  no  instance 
was  there  any  evidence  of  erosion  of  lymph  nodes  through  the  bronchial  wall  with 
ulceration  such  as  occurs  in  tuberculosis.  In  fact,  pressure  from  enlarged  hilar 
and  mediastinal  nodes  with  bronchial  compression  was  uncommon.  I  have 
no  doubt  that  involvement  of  major  bronchi  in  sarcoidosis  is  more  common 
than  supposed.  Routine  bronchoseopic  biop.sy  made  to  include  the  submuco.sa 
would  help  turn  up  a  goodly  proportion  of  such  localization  in  sarcoidosis. 

More  threatening  to  the  patient  is  the  granulomatous  involvement  of  smaller 
bronchial  radicals  which  of  course  cannot  be  reached  bronchoscopically.  How 
often  bronchi  of  lesser  calibre  are  narrowed  by  granuloma  or,  as  is  more  fre- 
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Fk;.  5.  Chest  film  showing  emphysematous  lung  fields  with  depressed  diaphrams  and 
numerous  areas  of  scarring  partieularly  in  the  mid  and  lower  half  of  the  right  lung  field. 
Considered  initially  to  have  asthmatic  bronchitis  with  repeated  lung  infections.  The  diag- 
nosis of  sarcoidosis  was  unexpectedly  made  from  two  i)ronchoscopic  biopsies.  Positive 
Xickerson-Kveim  tests  confirmedthe  diagnosis. 

quently  postulated,  by  the  deformitj^  resulting  from  peribronchial  fibrosis  in  the 
healing  stage  of  pulmonary  sarcoidosis,  cannot  be  stated.  We  suspect  that  the 
patient  I  described  where  some  bullae  had  ruptured,  might  also  have  had  gran- 
ulomas narrowing  some  the  smaller  bronchi.  We  have  found  these  granulomas 
in  smaller  bronchi  in  two  of  our  cases:  once  at  autopsj'^  where  both  large  and 
small  bronchi  as  well  as  many  other  organs  were  seeded;  and  once,  in  a  lung 
biopsy  specimen  from  a  patient  with  sarcoidosis  whose  history  follows. 

We  were  dealing  with  a  3'oung  Negro  male  23  years  old  who  was  admitted 
in  an  oxygen  tent  with  a  story  of  increasing  dyspnea,  tachypnea  and  fever  of 
almost  nine  months  duration.  His  tuberculin  test  was  negative,  his  serum  globulin 
was  5  Gm.  and  his  serum  calcium  12  mg.  100  cc.  His  chest  film  showed  both 
lung  fields  diffusely  clouded  with  faintly  outlined  streaks  and  nodules  and,  in 
the  upper  portions,  small  grape-like  lucencies.  (Fig  7A). 
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ViG.  6.  Predomin;itel.\-  unilateral  nodular  and  streaky  shadows  in  (lie  right  lower  Iuiik 
field  in  a  patient  who  had  a  negative  tuberculin  test  and  a  Ixmph  node  biopsy  compatible 
with  sarcoidosis.  Xickerson-Kveini  was  positive  for  sarcoidosis  as  was  broiichoscopic  l)io|)sy 
of  the  right  bronchial  tree.  The  patient  suffered  from  asthma  like  attacks. 

Before  ster()id  thefapy,  an  open  liin<j;  biopsy  throtif^h  a  limited  ineision  was 
performed.  His  lung;  finiction  studies  had  shown  that  his  main  ditheuhy  was 
with  diffusion — the  so-called  "alveolar  capillary  block"  syndrome.  In  addition 
to  the  expected  finding;  of  granulomatous  thickening;  of  the  alveolar  septa  ac- 
counting for  the  diffusion  difficulty,  another  change  was  present  which  was  rath(>r 
unexpected.  Fig.  7B,  shows  the  wall  of  small  bronchus  and  jutting  into  it,  like 
a  ball-valve,  is  a  sarcoid  granuloma  with  a  marked  thinning  of  the  intact  mucosa 
stretched  over  it.  It  is  easy  to  imagine  this  granuloma  approximating  the  oj)- 
posite  wall  when  the  bronchus  contracts  on  expiration,  and  I  believe  that  through 
the  ball-valve  action  of  such  gramilomas  in  this  and  other  small  bronchi  we  have 
the  precondition  for  the  formation  of  the  small  bullae  seen  on  this  patient's 
chest  film.  Whether  these  granulomas  in  the  small  bronchi  are  the  main  basis 
for  the  damaging  bullous  emphysema  which  eventually  leads  to  pulmonary  in- 
sufficiency and  right  heart  failure  in  .sarcoidosis  or  whether  the  distortion  of 
small  bronchi  by  scar  tissue  in  the  later  stages  is  a  more  usual  basis  for  the  bullae, 
cannot  be  stated.  But  this  case  suggests  the  likelihood  that  small  bronchi  may  be 
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Fig.  7,  A.  Chest  film  of  patient  with  acute  alveolar  capillary  block  caused  hy  widespread 
pulmonary  sarcoidosis.  The  chest  film  shows  marked  haziness  of  both  lung  fields  with 
nodules  and  streaks  throughout.  The  upper  portion  of  both  lung  fields  show  grape-like 
lucencies.  Lung  biopsy  showed  sarcoidosis. 

seeded  early  more  often  than  we  realize  and  that  some  of  the  ventilatory  defects 
described  in  patients  with  isolated  hilar  node  enlargement  may  rest  on  the.se 
unseen  granulomatous  obstructions  of  smaller  bronchi  and  bronchioles. 

Pulmonary  Sarcoidosis 

Now  let  us  turn  briefly  to  some  of  the  pulmonary  manifestations  of  sarcoidosis. 

Of  all  the  organs  involved  in  sarcoidosis,  patients  with  significant  lung  involve- 
ment show  the  greatest  toll  of  disability.  We  have  had  eight  deaths  among  our 
200  patients  in  the  last  ten  years,  and  seven  of  them  had  evidence  of  pulmonary 
insufficiency,  .\mong  our  living  patients  a  small  minority  are  severely  disabled 
by  their  pulmonary  lesions,  and  a  fair  number  still  have  some  degree  of  dis- 
comfort, mostly  cough  or  dyspnea  on  exertion. 

In  our  clinic  we  classify  pulmonary  sarcoidosis  radiologically  into  three  chrono- 
logical categories:  early,  transitional  and  late  fibrotic.  The  early  cases  are  of  three 
types.  There  is  the  earliest  stage  consisting  of  isolated  bronchopulmonary  node 
enlargement  with  paratracheal  and  tracheobronchial  nodes  often  added  but  with- 
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Fig.  7,  B.  Mic-roscoijic  aiijicai  aiirc  oi  a  -iiiall  l)r<)iichus  ill  pulini)iiar.\-  lisMic  rcmovecl  l)y 
open  lunK  t)io])sy  in  the  same  patient.  Jutting  into  the  bronchial  lumen  i.s  a  large  ejjithelioid 
cell  granuloma  which  .stretches  the  overlying  mucosa.  The  mucosa  is  flattened  in  contrast 
to  the  folds  in  the  normal  portions  of  the  mucosa  above.  The  appearance  is  very  sugges- 
tive of  a  hall-valve  which  would  open  during  inspiration  and  shut  during  expiration.  i)re- 
conditions  for  bulla  formation  which  are  .seen  in  the  upper  portions  of  the  preceding  chest 
film. 
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out  identifiable  pulmonary  lesions  except  perhaps  for  a  little  perihilar  streaking. 
The  nodal  type  has  the  best  prognosis.  Xext  best  is  the  second  early  type,  the 
generalized  or  localized  miliary  nodulation  with  recession  or  persistence  of  nodes. 
It  is  this  type  that  has  been  widely  studied  by  lung  function  measurements  in 
contrast  to  the  late  fibrotic  stage  which  has  received  less  attention  in  this 
regard.  The  third  early  type  of  sarcoidosis  is  the  least  common  and  it  seems  to  be 
the  most  dangerous — i.e.  those  with  disseminated  fluffy  bronchopneumonic 
patches,  usually  with  enlarged  hilar  nodes. 

If  the  disease  progresses  foi*  two  or  more  years  after  the  on.set,  the  patient 
enters  the  second  or  transitional  stage  of  pulmonaiy  sarcoidosis  with  the  gradual 
replacement  of  lung  granulomas  by  scars  with  paramyloid  or  so-called  hyaline. 

The  third  and  final  or  fibrotic  stage  usually  is  reached  in  about  five  years  or 
more.  This  stage  is  marked  by  almo.st  complete  recession  of  the  granulomas  and 
their  widespread  replacement  by  dense  scar  tissue.  Bullous  emphysema  is  a  com- 
mon feature  at  this  stage.  While  pulmonary  symptoms  may  be  pre.sent  in  any 
stage,  patients  with  chronic  progressive  disease  suffer  most. 

As  you  have  heard,  the  roentgen  picture  of  enlargement  of  the  hilar  and  other 
mediastinal  nodes  in  early  sarcoidosis  must  be  differentiated  from  enlargement 
caused  by  malignant  lymphoma,  tuberculosis,  fungal  disease,  and  metastatic 
neoplastic  involvement  of  the  nodes.  The  miliary  pattern  which  follows  nodal 
enlargement  in  sarcoidosis  can  easily  be  confused  with  the  micro-nodular  densities 
caused  by  miliary  tuberculosis,  pneumonoconiosis,  U^mphangitic  carcinoma, 
among  others.  The  uncommon  fluffy  bronchopneumonic  shadows  of  early  sar- 
coidosis can  simulate  the  appearance  of  scattered  non-specific  bronchopneu- 
monia, exudative  tuberculosis,  eosinophilic  pneumonia  or  even  metastatic  lung 
deposits. 

Because  of  the  .streaky  .shadows  found  in  the  second  or  transitional  stage  of 
pulmonary  .sarcoidosis,  such  conditions  as  chronic  beryllium  poisoning,  h'm- 
phangitic  carcinoma,  and  idiopathic  interstitial  fibrosis  of  the  Hamman-Rich 
type  are  usually  considered  in  differential  diagnosis  at  this  stage. 

The  third  or  late  fibrotic  stage  of  pulmonary  sarcoidosis  with  its  scarred  lungs 
and  its  "frozen"  hilar  areas,  with  its  bullous  emphysema,  mimics  chronic  fibroid 
tuberculosis,  .silicosis,  and  many  other  conditions  in  which  obstructive  emphysema 
and  its  sequellae  are  found. 

This  brings  to  a  close  our  conference  on  sarcoidosis  in  which  we  have  presented 
some  typical  and  some  not  so  typical  instances  of  this  di-sease  encountered  in  our 
clinic  devoted  to  its  study,  and  on  our  hospital  wards.  We  have  tried  to  touch  on 
some  of  the  high  points  of  this  puzzling  condition  which  is  receiving  increasing 
attention  in  many  medical  centers  both  here  and  abroad. 
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A  10  week  old  Xegro  female  was  adniitted  to  The  Mount  Sinai  Hospital  with 
a  history  of  "yellow  eyes"  since  shortly  after  birth. 

The  patient  was  a  full-term  Xegro  infant  weighing  2900  grams  at  birth.  Her 
stay  in  the  nursery  was  uneventful  and  she  was  di.scharged  as  a  "normal  new- 
born" on  the  fifth  day  of  life.  Family  history  was  non-contributory.  The  mother 
stated  that  she  had  received  three  injections  in  the  sixth  month  of  jjrcgnancy 
because  of  possible  rheumatic  fever.  She  stated  further  that  the  child  had  had 
yellow  eyes  when  she  was  discharged  after  delivery  and  that  the  urine  was  dark 
and  that  the  stools  were  light  in  color,  varving  from  white  to  light  yellow.  When 
the  child  was  nine  weeks  old,  she  .suffered  a  severe  upper  respiratory  infection  and 
when  she  was  ten  weeks  of  age,  she  was  admitted  to  the  hospital  because  of 
fever  and  respiratory  difficulty.  The  child  was  said  to  be  feeding  well  and  gaining 
weight  when  she  was  brought  to  the  hospital. 

The  child  was  well  nourished  and  well  developed,  weighing  4200  grams.  There 
was  obvious  icterus  of  the  sderae  and  mucous  membranes.  Additional  pertinent 
findings  were  confined  to  the  abdomen.  The  liver  was  felt  2  to  3  cm.  below  the 
right  costal  margin.  The  tip  of  the  spleen  was  palpable.  There  were  no  other 
abnormalities  noted. 

During  her  25  day  stay  in  the  hospital,  the  child  was  afebrile.  She  seemed  well 
and  her  weight  gain  was  satisfactory.  The  accompanying  chart  illustrates  the 
pertinent  laboratory  data  (Table  1).  The  only  medication  given  was  a  prepa- 
ration of  bilesalts.  Bilirubin  concentration  in  the  blood  showed  a  downward  trend 
and  the  child  was  discharged  after  25  days  to  the  care  of  the  Pediatric  Out- 
Patient  Clinic. 

Five  days  after  discharge  from  the  hospital,  the  child  was  brought  to  the  Out- 
Patient  Department  for  treatment  of  pyoderma.  This  condition  was  treated  with 
erythromycin,  with  prompt  clearing  of  the  infected  skin.  Vour  Aveeks  later  she 
was  thought  to  be  doing  well  but  after  another  month,  when  the  child  was  five 
months  old,  she  was  readmitted  because  of  fever,  cough  and  dyspnea  of  two  days 
duration.  According  to  the  mother,  the  child's  abdomen  had  been  increasing  in 
size  for  about  a  month  and  it  had  al.so  been  noticed  that  the  feet  had  become 
swollen  during  the  two  days  prior  to  admission  to  the  hospital.  The  day  before 
admisssion,  the  child  refused  feedings  and  vomited  a  great  deal.  The  mother 
.stated  that  the  stools  had  contimied  to  be  light  yellow  or  white  in  color. 

The  child  was  acutely  ill,  intensely  jaundiced  and  in  moderate  respiratory 
distress.  Temperature  was  98°  F.,  pulse  150,  respirations  50,  blood  pressure  120 

From  the  Department  of  Patholog\-,  The  Mount  Sinai  Hospital,  New  York,  X.  Y. 

575 


576 


CLIXICO-PATHOLOGICAL  CONFERENCE 


TABLE  I 


Laboratory  Data 


Date 

Hgb. 

Sed. 
rate 

WBC 

Urine 

Urine 
urobili- 
nogen 

Stool 
sterco- 
bilin 

A/G 
ratio 

Serum 
bilirubin 

Serum 
choleste- 
rol 

Serum 
alk. 
phos. 

Ceph. 
floe. 

Total 

Direct 

Total 

Est. 

c.% 

mm/kr 

mg.% 

mg.% 

mg.% 

KAU 

7/2/57 

11.4 

13000 

1  + 

1:10 

+ 

4.9 

19.0 

11.4 

214 

160 

60 

1  + 

2.5 

7/6 

1  + 

1:20 

+ 

15.8 

8.9 

7/8 

neg. 

neg. 

+ 

14.7 

8.9 

7/10 

10.6 

16100 

tr 

1:5 

+ 

3.9 

10.2 

7.5 

198 

152 

53.4 

2.3 

7/12 

12 

neg. 

1:20 

+ 

ueg. 

7/15 

1:10 

11.6 

6.8 

7/17 

8.1 

6.4 

7/23 

1:40 

+ 

9.7 

5.6 

8/27 

10.3 

5.5 

3+ 

10/1 

7.8 

10600 

4+ 

1:20 

+ 

2.1 

25.8 

15.0 

157 

112 

25 

2+ 

6.1 

10/2 

7.3 

23200 

10/4 

75 

10/6 

21.8 

12.0 

10/10 

4+ 

1:60 

Additional  laboratory  data 


Serology  negative 

Blood  type  O  Rh+ 

Maternal  type  O  Rh  + 
Coombs  negative 


Heterophile  1:7 

Sickle  preparation  negative 

BSP  on  mother  negative 
Tuberculin  te.sts  negative 


Repeated  blood  culture  nega 
tive 

Xose  and  throat  culture: 
Staph.  Aureus  "A" 

Urine  analyses  negative  ex- 
cept for  trace  of  sugar  on 
one  occasion. 


1st 

2nd 

ad; 

ad- 

mission 

mission 

Mucoproteins  (mg.^c) 

45.0 

11.8 

CO2,  Na,  K,  Ca,  P  and  CI  all  normal. 

Acid  precipitable  globulin  (mg.%) 

2.5 

5.0 

Vitamin  A — 14  gamma  % 

ZnSOi  turbiditj'  (units) 

1.7 

31.0 

Carotene — 2  gamma  % 

SGO-Transaminase  (units) 

193 

Vitamin  C — normal 

Thymol  turbidity  (units) 

6.8 

Prothrombin  time  (patient/control) 

46/12  seconds. 

(systolic).  The  baby  weighed  6740  grams,  head  circumference  was  40  cm.,  chest 
38  cm.,  and  abdomen  49  cm.  The  skin  was  dry  with  a  generahzed  eczematoid 
eruption.  There  were  no  petechiae  or  ecchymo.ses.  The  anterior  fontanelle  was 
depres.sed  and  the  sclerae  were  icteric.  There  was  a  purulent  nasal  discharge. 
The  neck  was  supple  and  the  chest  normal  to  percussion  and  auscultation.  Ex- 
amination of  the  heart  revealed  sinus  tachycardia  and  a  grade  II  apical  soft 
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systolic  inurnuir.  Tho  alHloincii  was  protulxM-aiit  witli  sliit'tiiif^  (liilliicss  and  a 
fluid  wave.  The  liver  edge  was  palpable  4  cm.  below  the  right  costal  margin;  it 
was  firm,  smooth  and  sharp.  The  spleen  was  felt  2  cm.  below  the  left  costal 
margin.  There  was  marketl  edema  over  the  sacral  and  tibial  areas. 

On  the  day  after  admission,  the  temperature  rcse  to  102°  F.  and  varied  be- 
tween 100°  and  102°  F.  thereafter.  The  infant  was  treated  with  penicillin  and 
tetracycline.  Paracentesis  with  removal  of  500  ml.  of  clear  amber  fluid  was  done 
the  day  after  admission  to  relieve  the  respiratory  distress.  Cytological  exami- 
nation failed  to  reveal  any  pathological  cells.  Xo  cytomegalic  inclusion  bodies 
were  .seen.  Bone  marrow  aspiration  also  failed  to  reveal  any  tumor  cells.  Seruna 
electrolytes  were  normal.  Because  of  a  markedly  prolonged  prothrombin  time, 
the  child  was  started  on  vitamin  K  intramuscularly,  but  without  improvement. 
Roentgen  examination  of  the  long  bones  .showed  evidence  of  both  rickets  and 
scurvy,  despite  the  daily  administration  of  0.(5  cc.  of  a  multivitamin  preparation 
and  an  apparently  adecjuate  diet.  Deficiency  in  prothrombin,  labile  and  .stable 
factors  and  fibrinogen  of  the  blood  were  found.  Additional  laboratory  findings 
included  a  serum  glutamic  oxalacetic  transamina.se  activity  of  1!)3  units,  mark- 
edly diminished  serum  vitamin  A  and  carotene  levels,  and  a  normal  plasma  con- 
centration of  vitamin  C.  Plasma  protein  studies  showed  elevated  gamma  glob- 
ulin and  depressed  alpha  and  beta  globulin  concentrations.  Skull  and  chest 
x-rays  were  normal.  The  child  expired  on  the  I'.ith  day  in  the  hospital. 

DR.  HORACE  L.  H0DE8:  To  .sum  up  the  clinical  data,  we  were  dealing  with 
an  infant  who  was  jaundiced  from  birth,  or  at  least  from  the  fifth  day  of  life,  the 
mother  herself  having  observed  the  jaundice  at  this  time.  As  we  shall  see  in  more 
detail  later,  there  were  fluctuating  serum  bilirubin  levels.  The  child,  by  the  time 
it  was  four  months  of  age,  had  some  evidence  of  cirrhosis  with  ascites  which 
caused  respiratory  distress.  Bleeding  tendency  did  not  appear  until  there  was 
obvious  cirrhosis  of  the  liver  and  the  prothrombin  levels  were  low.  The  bleeding 
was  not  due  to  thrombocytopenia. 

Some  important  negative  findings  should  be  mentioned.  Fir.st,  sugar  and  other 
reducing  substances  were  absent  from  the  urine.  There  were  no  ketones  in  the 
urine.  The  gamma  globulin  levels  found  in  this  infant  were  higher  than  one  would 
expect.  At  the  age  of  about  three  months,  the  gamma  globulin  level  in  the  infant 
drops  to  a  verj'  low  point.  The  amount  given  to  the  child  through  the  placenta  by 
the  mother  is  gone  and  the  child  at  only  that  point  begins  to  make  gamma  glob- 
ulin. Here  we  have  a  level  which  was  distinctly  elevated  even  for  older  children. 
This  might  be  interpreted  as  being  due  to  infection,  very  possibly  as.sociated  with 
infection  of  the  liver.  The  glutamic  oxalacetic-tran.saminase  level  was  193  units 
on  one  occasion.  Again,  the  normal  values  for  the  infant  are  different  from  adults 
and  a  level  up  to  120  is  normal.  This  child's  was  higher  than  120  but  it  was  not,  in 
the  one  determination  that  was  done,  exceedinglj'  high.  Certainly  it  is  not  high 
enough  to  enable  us  to  make  a  diagnosis  of  hepatitis  from  this  finding  alone. 

The  mucoprotein  \  alues  are  of  special  interest,  and  I  have  asked  Dr.  (Jreenspan 
to  speak  at  this  point. 
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DR.  EZRA  GREENSPAN:  At  ten  weeks,  our  first  determination  showed  a 
normal  serum  mucoprotein  level  and  a  normal  alphas-beta  globulin  level  for  an 
infant  of  that  age.  The  gamma  globulin  at  ten  weeks  was  0.5  units,  which  is 
about  the  normal  for  an  infant  of  that  age.  However,  as  the  Uver  disease  pro- 
gressed, this  patient  showed  a  remarkable  shift  in  the  globulin  distribution,  in- 
cluding marked  reduction  of  mucoprotein  to  the  range  which  we  now  consider  as 
signifying  severe  hepatic  insufficiency,  and  death  (usually  in  hepatic  coma).  This 
child  had  12  mg.  per  cent  mucoprotein,  a  very  poor  prognostic  sign.  Associated 
with  such  a  low  mucoprotein,  the  zinc  sulfate  turbidity,  which  was  1.5  units,  had 
risen  to  35,  which  is  really  a  phenomenally  high  gamma  globulin. 

My  personal  experience  with  children  is  limited,  but  ordinarily  we  find  this 
type  of  pattern  associated  with  postnecrotic  cirrhosis  or  with  progressive  fatal 
hepatitis.  In  biliary  atresia  we  would  expect  the  opposite  pattern,  quite  different 
from  the  one  seen  in  this  child's  case. 

DR.  HANS  POPPER :  How  much  gamma  globulin  in  grams  is  35  units? 

DR.  GREENSPAN:  Thirty-five  units  is  3.5  grams,  roughly. 

DR.  HODES:  Now  we  come  to  the  differential  diagnosis  and  I  think  we  can 
di\  ide  the  possible  causes  of  this  child's  disease  into  groups,  some  of  which  we  can 
exclude  quite  readily. 

One  of  the  things  that  would  come  up  in  another  climate  might  be  deficiency  of 
proteins  and  vitamins,  which  would  lead  to-liver  disease.  In  the  West  Indies  and 
in  Africa,  for  instance,  this  might  be  a  possibility.  I  think  that  deficiency  diseases 
can  be  excluded  because  of  the  feeding  historj^  because  of  the  child's  state  of 
nutrition,  and  also  because  in  dietary  deficiency  states  cirrhosis  occurs  only  quite 
late  in  childhood  or  in  adolescence.  One  of  the  diseases  we  may  exclude  im- 
mediately is  congenital  galactosemia,  which  is  characterized  by  jaundice,  fever 
and  enlargement  of  the  liver.  In  this  disease  galactose  is  excreted  in  the  urine 
which  causes  reduction  of  the  copper  compounds  used  in  Benedict's  reagent. 
Absence  of  reducing  substances  in  the  urine  excludes  galactosemia  in  this  case. 
Incidentally,  galactosemia  is  one  of  the  conditions  in  which  cirrhosis  occurs  quite 
early. 

Glycogen  storage  disease  has  been  reported  with  cirrhosis.  Again,  this  occurs 
later  in  life  than  occurred  here.  In  this  case  there  was  no  ketonuria,  no  acidosis, 
and  no  hypoglycemia,  all  of  which  exclude  glycogen  storage  disease. 

Certain  infections  of  the  liver  might  cause  many  of  the  findings  in  our  case. 
Syphilis  of  the  newborn  may  cause  severe  jaundice,  enlargement  of  the  liver  and 
later  cirrhosis.  Syphilis  may  be  excluded,  however,  because  serologic  tests  for 
syphilis  were  negative  and  none  of  the  accompanying  signs  of  severe  congenital 
syphilis  such  as  changes  in  the  bone  marrow  were  present. 

It  is  possible  that  abscess  of  the  liver,  with  diffuse  involvement,  might  cause  a 
picture  that  resembles  acute  hepatitis.  In  this  connection  we  do  know  that  the 
child  did  have  extensive  pyoderma  at  one  point.  If  this  were  due  to  a  staphylo- 
coccus, these  might  gain  entrance  to  the  liver  and  lie  dormant  for  a  long  time. 
However,  we  have  no  evidence  that  there  was  septicemia.  If  the  child  had  been 
transfused,  the  question  of  transfusion  malaria  could  come  up.  We  have  seen  two 
instances  of  transfusion  induced  malaria  with  rapid  development  of  cirrhosis. 
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WilsonV  disease  could  cause  cirrhosis  Init,  as  far  as  I  know,  only  in  later  lil'e. 

A  more  common  infantile  disease,  erythroblastosis  due  to  incompatibility 
between  the  blood  of  the  child  and  the  nu)th(>r  (Rh  disease),  can  infrecinently 
cause  cirrhosis.  On  the  whole,  cirrhosis  followinfj;  erxihrohlastosis  is  ([uite  rare  and 
I  do  not  think  it  was  present  her(>.  Xo  incompatibility  between  the  mother's  and 
the  child's  blood  was  detected. 

There  are  some  other  uimsual  conditions  such  as  familial  nonhemolytic  jaun- 
dice which  should  be  mentioned.  I  think  this  disease  can  be  excluded  because  in 
this  condition  the  indirect  bilirubin  ri.ses  nnich  hij>;her  than  the  direct  bilirubin. 
Here,  a  good  deal  of  the  bilirubin  rise  was  du(>  to  direct  bilirubin.  The  same  con- 
sideration excludes  congenital  familial  hemolytic  jaundice. 

Several  other  conditions  are  excluded  a  litth;  less  easily.  On  a  statistical  basis, 
the  most  common  one  is  congenital  obstruction  of  the  bile  ducts.  This  anomaly 
accovmts  for  about  sixty  per  cent  of  the  cases  of  persistent  jaundice  in  infancy. 
.Vl.so,  congenital  atresia  of  the  bile  ducts  may  be  followed  by  cirrhosis.  On  the 
whole,  the  symptoms  of  cirrhosis  dexclop  considerably  later  than  they  did  in  this 
case,  but  occasionally  they  are  seen  in  the  first  four  oi-  five  months  of  life.  In 
addition  to  this,  the  level  of  bilirubin  in  our  case  fluctuated  more  than  is  usual  in 
atresia  of  the  bile  ducts.  In  this  condition,  bilirubin  usually  rises  steadily  to  a 
plateau. 

Xow,  some  might  wonder  why  we  did  not  exclude  congenital  atresia  of  the 
bile  ducts  by  surgical  methods  or  by  needle  biopsy  of  the  liver.  This  child  was  not 
biopsied  because  she  exhibited  deficiency  of  plasma  prothrombin  at  the  time  this 
action  was  considered.  There  was  a  second  reason  for  omitting  surgical  explora- 
tion to  determine  whether  or  not  congenital  atresia  of  the  bile  ducts  was  present. 
This  is  that  the  chance  of  surgical  repair  in  such  cases  is  very  small.  The  Boston 
surxey  of  106  cases  showed  only  six  children  with  biliary  atresia  who  had  con- 
ditions that  were  cured  by  .surgery.  In  addition,  if  there  is  .some  other  condition, 
such  as  neonatal  hepatitis  or  cytomegalic  inclusion  disease,  the  operation  may 
actually  cause  the  death  of  the  child,  who  might  recover  spontaneously. 

While  talking  about  obstruction  of  the  bile  ducts  as  a  cause  of  jaundice, 
there  are  several  other  conditions  which  I  should  mention.  One  is  cystic  fibrosis 
of  the  pancreas  or  fibrocystic  disea.se.  In  some  cases  of  this  syndrome,  there  has 
been  obstruction  of  the  bile  ducts  for  reasons  not  (juite  understood.  It  is  believed 
by  some  that  the  obstruction  is  due  to  precipitation  of  mucoproteins  in  the  bile 
ducts,  resulting  from  abnormal  mucus  formation  by  the  bile  duct  cells.  However, 
there  was  no  evidence  that  the  child  had  fibrocystic  disease. 

There  is  another,  to  me  mysterious,  condition  known  as  inspissated  bile 
syndrome  in  which  for  unknown  reasons  the  bile  liecomes  inspis.sated  and  cau.ses 
blockage  of  the  biliary  ducts. 

Another  possible  cause  of  the  obstruction  is  an  external  one,  such  as 
choledochus  cyst,  for  example.  We  know  that  no  such  cause  existed  here  because 
one  can  feel  the  mass  of  the  choledochus  cyst,  and  this  was  not  felt  on  examina- 
tion of  this  child.  Other  tumors  can  obstruct  the  bile  ducts  but  I  do  not  think  any 
tumor  of  the  liver  was  present,  again  because  it  was  not  felt. 

On  occasion  we  have  seen  a  child  with  a  neuroblastoma  with  metastasis  to  the 
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liver  who  actually  developed  symptoms  which  resembled  diffuse  hepatitis 
followed  by  cirrhosis.  The  bone  marrow  examination  partialis'  excludes  this 
possibility.  The  x-rays  of  the  child  did  not  show  any  evidence  of  neuroblastoma. 

Now  we  come  to  cytomegalic  inclusion  disease  or  what  probably  ought  to  be 
called  generalized  salivary  gland  virus  disease.  Salivary  gland  \'irus,  as  you  know, 
is  found  in  a  number  of  different  species,  in  guinea  pigs,  for  instance,  and  in  man. 
These  are  viruses  which  are  species  specific  and  have  not  been  transferred  from 
one  animal  to  another.  In  other  words,  the  guinea  pig  virus  does  not  cause  disease 
in  the  hamster  and  so  on.  The  human  virus  has  been  isolated  in  human  tissue 
culture  at  least  twice.  Once  it  was  from  an  infected  sahvary  gland  and  once  from 
adenoid  tissue. 

I  think  this  virus  certainly  may  be  the  cause  of  the  di-sease  which  we  have 
described  in  the  case  under  discussion.  In  one  to  five  per  cent  of  autopsies  on 
infants  and  children,  evidence  of  infection  with  this  virus  is  found  in  the  .salivary 
glands.  Large  infected  cells,  with  large  nuclear  inclusion  bodies,  are  found  in  some 
of  the  cells.  In  other  cells  there  are  cytoplasmic  inclusions.  The  nuclear  inclusions 
are  more  numerous.  In  this  small  percentage  of  the  children,  the  virus  is  confined 
to  the  salivary  glands.  In  an  even  .smaller  percentage,  something  under  one  per 
cent,  of  autopsies  carried  out  in  St.  Louis,  evidence  of  infection  with  the  salivary 
gland  virus  was  found  in  other  organs  including  liver,  spleen,  pancreas,  kidneys, 
and  in  some  cases  in  the  brain.  When  the  generalized  form  of  the  disea.se  occurs  in 
infants,  it  produced  a  recognizable  clinical  picture.  The  child  has  jaimdice,  large 
liver  and  spleen,  and  will  frequently  suffer  hemorrhages  in  the  skin,  mucosa  and 
internal  organs.  These  hemorrhages  are  due  to  thrombocytopenia.  Xo  thrombo- 
cytopenia was  found  in  our  case. 

In  some  of  the  cases,  there  is  calcification  in  the  brain,  which  can  be  seen  on 
x-ray.  In  some  cases  the  linings  of  the  ventricles  have  been  diffu.sely  calcified.  Xo 
cerebral  calcification  was  present  in  this  case.  If  it  had  been  present,  I  think  we 
should  have  been  convinced  that  generalized  salivary  gland  virus  disea.se  was  the 
correct  diagnosis.  There  are  other  less  fulminating  cases  of  salivary  gland  virus 
disease,  and  our  patient  might  fall  into  this  category.  Also,  the  cytomegalic  cases 
in  which  there  has  been  liver  damage  have,  in  one  or  two  instances,  gone  on  to 
cirrhosis  early  m  life.  The  diagnosis  has  been  made  in  life  a  number  of  times  from 
the  clinical  picture.  In  addition  a  few  times  the  diagnosis  has  been  established  by 
examination  of  the  urinary  sediment  in  which  cells  with  intranuclear  occlusions 
have  been  .seen.  In  the  child  whom  we  are  presenting  today,  the  urinary  sediment 
was  examined,  but  cells  containing  inclusions  were  not  found. 

I  think  the  most  likely  diagnosis  in  the  present  case  is  neonatal  hepatitis.  This 
may  be  an  instance  in  which  the  virus  of  serum  hepatitis  has  been  transferred 
across  the  placenta  from  the  mother  to  the  infant. 

There  is  one  case  on  record  of  a  woman  proven  to  have  serum  jaundice  by 
having  her  blood  injected  into  human  volunteers,  who  developed  with  typical 
jaundice.  Two  years  later  she  delivered  a  baby  who  was  jaundiced  at  or  in  a  very 
few  days  after  birth.  From  the  serum  of  that  child,  human  volunteers  were  inocu- 
lated, again  with  the  production  of  hepatitis.  Perhaps  some  of  the  neonatal  cases 
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might  not  be  serum  hepatitis  Ixit  mij^ht  bo  due  to  infectious  hepatitis  virus. 
There  are  a  number  of  muUiple  famihal  eases  of  neonatal  hepatitis.  For  example, 
a  woman  deliveretl  three  children  in  a  row,  all  of  whom  had  hepatitis  and  died. 
This  came  from  Scott's  clinic  in  Wa.shin}i;ton.  In  this  cit}',  Craijiin  rei)orted  two 
cases  in  siblings. 

Neonatal  hepatitis  differs  in  .several  ways  from  hepatitis  of  older  children  and 
of  adults.  The  neonates  exhibit  a  great  deal  of  diarrhea  a.s  compared  with  older 
children.  Secondly,  the  cephalin  flocculation  and  thymol  turbidity  tests  are 
usually  negative.  This  has  been  thought  to  be  due  to  difTerences  in  the  plasma 
proteins  of  these  children.  Normal  infants  in  the  fh-st  few  days  of  life  show  a 
positive  cephalin  flocculation  which  disappears. 

Cirrhosis  of  the  liver  occurs  (juite  commonly  in  the  neonatal  hepatitis,  rela- 
tively much  more  frequently  than  it  does  in  adults  and  certainly  more  often 
than  it  does  among  older  children  with  infectious  hepatitis  or  serum  hepatitis. 

I  think  that  neonatal  hepatitis  is  the  most  likely  diagnosis  in  our  ca.se,  and  that 
it  was  followed  by  cirrhosis.  We  cannot  exclude  atresia  with  complete  assurance 
but  it  is  unlikely.  I  beUeve  that  generalized  salivary  gland  diseases  with  hepatitis 
and  cirrhosis  is  also  a  possibility  but,  even  if  this  is  the  case,  our  patient  does  not 
represent  one  of  the  typical  fulminating  ca.ses  of  this  di.sease. 

To  sum  it  up,  I  think  this  is  a  case  of  neonatal  hepatitis  transmitted  across  the 
placenta  and  followed  by  cirrhosis  of  the  liver. 

DR.  POPPER:  At  autopsy,  despite  the  skin  pigmentation,  icterus  was  quite 
clearly  apparent.  As  the  abdominal  cavity  was  opened,  about  300  cc.  of  a  clear 
yellow  ascitic  fluid  poured  out.  A  significantly  enlarged  liver  protruded  under  the 
thoracic  cage.  We  also  saw  the  characteristics  of  rickets  with  protrusion  at  the 
costal  edge  and  marked  enlargement  of  the  cartilage  at  the  costochondral  junc- 
tion (Fig.  1). 

In  various  bones,  particularly  the  ribs  and  thoracic  vertebrae,  marked  widening 
and  lengthening  of  the  cartihige  were  seen  while  calcification  was  not  apparent. 
The  cartilage  in  places  was  invaded  by  marrow.  This  is  the  characteristic  feature 
of  calcium  deficiency  as  an  expression  of  rickets.  Vitamin  D  deficiency  interferes 
with  the  death  of  the  cartilage  and  its  .sub.seciuent  calcification. 

We  therefore  found  overgrowth  of  cartilage  and,  instead  of  calcification  of 
cartilage,  matrix  for  bone  formation.  The  calcification  which  does  take  place  is 
laying  down  of  an  osteoid  poor  in  calcium.  .-Vll  this  results  in  a  very  irregular 
appearance  of  the  osteochondral  junction.  These  changes  were  not  as  apparent 
in  the  long  bones  in  which  the  osteochondral  junction  was  yellow  and  somewhat 
widened.  We  failed  to  find  any  abnormality  of  the  bone  marrow  structure. 

As  we  turned  to  the  abdominal  cavity,  we  were  impres.sed  by  distention 
of  the  colon  as  well  as  of  the  small  intestine.  Marked  dilatation  and  collateral 
formation  were  seen  over  the  cecum  and  ascending  colon  coiuiecting  the  mesen- 
teric ves.sels  to  the  ves.sels  of  the  anterior  abdominal  wall. 

The  heart  was  somewhat  larger  than  would  be  found  in  a  child  of  this  age  but 
there  were  no  abnormalities  except  for  severe  jaundice.  Histologically,  the  heart 
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Fig.  1.  Chest  wall  showing  rachitic  rosary. 

appeared  entirely  normal  except  for  some  thickening  of  the  endocardium,  not  to  a 
degree  of  fibroelastosis  but  definitely  thicker  than  normal.  Liver  disease  and 
malnutrition  have  been  associated  with  endocardial  fibrosis  but  from  what  I 
have  seen  of  this  material,  it  is  entirely  different  in  that  it  extends  deep  into  the 
myocardium. 

In  the  lungs  onlj'  a  moderate  amount  of  edema  and  some  increase  in  the 
ah'eolar  markings  were  seen.  There  was  no  consolidation  present  and  the  lung  was 
entirely  aerated.  The  pleura  was  markedly  hyperemic.  Whatever  the  pulmonary 
changes  may  have  been  a  month  or  two  weeks  before  death  in  the  sense  of  pneu- 
monitis, in  the  specimen  we  saw  there  were  no  significant  changes  except  for  the 
edema  and  hyperemia. 

The  urinary  bladder  was  markedly  dilated,  protruding  and  filled  with  a  large 
amount  of  urine.  The  kidneys  appeared  normal  grossly.  The  only  significant 
finding  was  a  greater  blood  content  on  the  cortico-medullary  junction  which  is  a 
shock  phenomenon,  and  we  assumed  that  the  deeply  jaundiced  child  died  in 
shock.  Microscopically,  the  most  impressive  findings  were  the  large  amount  of 
bile  pigment  in  the  distal  convoluted  tubules,  which  we  call  icteric  nephrosis  be- 
cause the  renal  function  is  not  impaired.  I  would  prefer  to  call  it  icterus  of  the 
kidney  than  to  designate  it  as  a  renal  disease. 

The  pancreas,  of  interest  in  view  of  the  suspected  diagnosis  of  a  salivary  gland 
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disease,  was  entirely  nonnal.  The  salivary  glands  were  renioxcd  and  subjected  to 
histologic  study.  Xo  significant  changes  could  l)e  tonnd  in  them. 

The  spleen  W(>ighed  almost  ten  times  the  normal  weijrht  for  the  ag(>,  some  \'.>0 
grams.  It  appeared  ratiier  homogeneous  (which  the  microscopic  examination 
confirmed).  We  .saw  rather  small  follicles  and  the  red  pulp  was  congested  with 
blood.  We  immediately  raised  the  (|U(>stion  if  r(>ticul()eii(lothelial  hyperplasia  was 
present.  We  had  a  high  serum  gamma  globulin  level  and  we  have  assunied  on 
previous  occasions  that  the  excess  gamma  globulin  is  formed  in  postnecrotic 
cirrhosis.  However,  here,  reticuloendothelial  hyperplasia  was  not  part  of  the 
picture.  There  was  accumulation  of  hemopoietic  foci  as  fre([uently  appears  in  the 
.spleen  in  such  conditions. 

The  liver  weighed  220  grams  and  was  not  significantly  enlarged.  Some  hyper- 
emia was  noted  between  the  diaphragm  and  the  liver,  a  reflection  of  a  disturbance 
of  hepatic  blood  flow  with  collateral  formation.  The  liver  was  deeply  green  and, 
on  the  cut  surface,  the  architecture  was  greatly  disturbed.  Fibrous  bands  ex- 
tended throughout  and  the  liver  was  deeply  jaundiced.  Microscopic  examination 
of  enlarged  lymph  node  at  the  hilum  of  the  liver  showed  some  mild  lymph  node 
hyperpla.sia.  There  was  no  reticuloendothelial  hyperplasia  but  pigment  was  seen 
in  the  lymph  nodes.  The  gallbladder  and  the  l)iliary  tract  were  perfectly  normal. 

On  this  basis  we  excluded  any  biliary  atresia  which  would  have  been  amenable 
to  .><urgical  management. 

We  were  somewhat  surprised  when  we  looked  at  the  histologic  jjicture.  The 
architecture  was  intact  with  bands  of  connective  tissue  running  throughout  the 
li\'er.  This  certainly  was  not  a  full-fledged  cirrhosis  hut  the  architecture  was  far 
more  disturbed  microscopically  than  grossly.  We  could  still  recognize  the  portal 
tracts  but  primarily  the  central  zones  were  very  much  distorted.  A  large  amount 
of  connective  tissue  extended  throughout  the  parenchyma  from  the  central 
zones  accounting  for  the  fibrosis.  In  the  centrolobular  zone,  we  saw  complete 
collapse,  disappearance  of  the  liver  tissue  with  some  remnants  of  narrow  veins 
in  the  collapsed  area  (Fig.  2).  In  this  areas  there  was  tremendous  formation  of  the 
irregidarly  arranged  fibers,  thicker  than  normal  and  connected  with  each  other. 
We  saw  normal  portal  tracts  (Fig.  '.i)  and  just  outside  of  them  were  a  large 
amount  of  newly  formed  membranes  and  pre-existing  fibers.  Ductular  cells  were 
rather  prominent  in  the  lobular  periphery  throughout  the  lixcr  (I'ig.  4).  Toward 
the  center  we  found  cells  which  more  clo.sely  resembled  liver  cells.  I  call  the 
arrangement  of  the  ductular  cells  a  bile  ductular  structure  becau.se  it  looked  like  a 
bile  duct  but  in  reconstructions,  which  we  do  not  have  in  this  ca.se,  we  really  have 
plates  rather  than  ducts,  plates  which  are  like  those  in  the  hepatic  parenchyma. 
Furthermore,  in  the  embryo,  transformation  of  liver  cells  into  ductular  cells  is 
apparent.  Regenerating  cells  which  were  unal)le  to  form  liver  cells  .seemed  to  join 
degenerating  cells  which  were  still  connected  to  ducts.  We  assumed,  therefore, 
that  we  were  dealing  with  regenerative  or  degenerative  transformation  of  liver 
cells  into  the  bile  ductular  structure.  They  were  surrounded  by  a  large  amount  of 
fiber  formation  with  or  without  fibroblasts,  usually  without.  Fibers  formed  the 
basement  membrane  around  the  ductules.  In  the  intermediate  portion  of  the 
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lobule,  liver  cells  were  distinctly  arranged  in  regenerative  nodules  which  showed 
peripheral  bile  stasis  and  in  which  there  was  very  little  stroma.  We  found  a  large 
amount  of  stroma,  usually  around  the  regenerative  nodule  (Fig.  o).  On  the  other 
hand,  the  nodules  compressed  the  stroma  to  form  a  dense  envelope.  In  the  center 
of  the  lobule,  the  cells  were  larger  and  formed  formidable  giant  cells  (Fig.  6). 
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4.  Ductular  structures  in  tlie  loliular  periphery  usually  in  the  form  of  cords  (ar- 
row) but  occasionallv  in  plates  surrounded  hv  thick  connective  tissue  fibers  (H  &  E,  X 
120). 


Fig  5  Uesencrat  ivc  nodule  characterized  bv  two  cells  thick  i)lates  compressing  stroma 
(H  &  E,  X  240). 

Bile  accuintilation  was  .seen  and  it  appeared  that  thi.s  l)ile  had  no  outlet.  We  tliere- 
fore  had  what  is  called  giant  cell  hepatitis,  in  which  large  neonatal  liver  cells  do 
not  drain  into  bile  ductules.  The  bile  is  not  permitted  to  escape  and  accumulates, 
causing  bile  .staining.  Giant  cell  hepatitis  is  considered  by  many  synonymous 
with  viral  hepatitis  but  it  is  only  a  reflection  of  the  increased  regeneratory 
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Fig.  6.  Giant  cells  with  marked  bile  stasis  (H  <te  E,  X  400^ 


ability  of  the  infantile  liver.  We  can  see  giant  cells  just  as  well  in  syphilis,  saUvary 
gland  disease,  and  hemolytic  disease  of  the  newborn  from  blood  group  incom- 
patibilitj'. 

A  severe  inflammatory  reaction  was  present  with  mononuclear  and  poly- 
morphonuclear cells  mixed  with  fibroblasts.  This  inflammatory  component  led  to 
the  fibroplasia  with  many  reticulum  fibers  bemg  formed  as  well  as  manj-  thick  or 
fibrous  membranes.  The  inflammation,  however,  extended  into  the  central  vein 
and  this  endophlebitis  is  rather  characteristic  of  viral  hepatitis  (I'ig.  7).  When 
we  used  another  staining  technique,  namely,  the  periodic  acid  Schiff  (PAS)  re- 
action, which  stains  polysaccharides  and  protein  polysaccharides,  we  saw  quite  a 
lot  of  such  material.  Some  was  in  liver  cells,  especially  the  degenerating  liver  cells, 
and  the  strongest  stain  was  given  by  cells  with  brown  pigment.  We  were  dealing 
with  some  kind  of  pigment  accumulation  just  as  we  saw  in  the  lymph  node  which 
also  gave  a  PAS  reaction.  The-  PAS  positive  liver  cells  disintegrated  and  the 
fragments  appeared  in  the  Kupffer  cells,  in  the  giant  cells,  and  in  scavenger  cells 
around  the  necrotic  liver  cells.  The  cells  with  the  PAS  positive  reaction  clearly 
represented  the  pigment  carrying  cells.  The  material  in  the  scavenger  cells  Avas 
probably  derived  from  the  polysaccharides  in  the  degenerating  liver  cells.  Acid 
mucopolysaccharides  were  also  found  in  degenerating  liver  cells  and  in  the 
scavenger  cells. 

When  we  stained  for  nucleoprotein  with  pyronine,  which  is  a  means  of  estimat- 
ing the  protein  formation  in  the  cell,  we  found  that  the  degenerating  liver  cells 
showed  a  small  amount  of  pyroninophilic  material  reflecting  a  rather  low  protein 
forming  abilitj'.  The  ductular  cells,  as  we  would  expect,  had  hardh'  an}'.  How- 
ever, many  scavenger  cells  were  distinctly  pyroninophilic.  WTiat  protein  did  these 
cells  form?  We  suspect  that  it  was  gamma  globulin  which  was  so  markedly  ele- 
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vated.  A  very  j^ood  correlation  exists  between  the  sernin  f^annna  fj;l()l)ulin  level 
and  the  pyronine  reaction  of  these  scavenger  cells. 

The  fact  that  the  greatest  reaction  was  given  by  the  cells  which  were  j)igniented 
suggests  that  the  stimulus  for  gamma  globulin  production  is  polysaccharide  from 
liver  cells  which  disintegrated.  The  fragments  were  taken  \\\)  \)\  and  irritated  the 
scavenger  cells.  The  result  was  excess  gamma  globulin  formation.  Whether  this 
was  an  antigen-antibody  type  of  reaction,  I  am  unable  to  say,  but  strongly  .su.s- 
pect  so.  The  cells  that  gave  the  pyronine  reaction  <|uite  often  hafl  plasma  cell- 
like nuclei  and  we  have  called  them  plasmacytoid  cells. 

Trying  to  correlate  the  clinical  and  pathological  findings,  we  assumed  that  the 
patient  had  giatit  cell  hepatitis  of  viral  origin  because  of  the  phlebitis,  the  severe 
ductular  ceil  reaction,  and  the  early  destruction  of  the  lobular  architecture. 
There  may  have  been  maternal  viial  hepatitis  from  injections  which  the  mother 
received  but  nothing  could  be  demonstrated  in  the  mother.  Intrauterine  in- 
fection was  thought  to  be  present  because  the  jaundice  supposedly  started  at 
birth. 

The  child  developed  normally  and  gained  weight  but  absorbed  fat  soluble 
vitamins  poorh^  which  led  to  rickets.  Within  three  m()nths,  progressive  liver  cell 
destruction  occurred  with  leucocytosis,  anemia  and  abnormal  ceplialin  floccula- 
tion.  The  serum  albumin,  alkaline  phosphatase  and  .serum  mucoproteins  dropped. 
Vitamin  A  and  prothrombin  were  low  (lesi)ite  therapy.  Liver  vvW  destruction 
caused  regeneration  with  formation  of  giant  cells  and  then  nodules. 

The  nodules  in  turn  were  a  late  development  and  jjroduced  the  collaterals. 
In  the  presence  of  the  liver  cell  damage,  a.scites  developed.  The  liver  cell  destruc- 
tion led  to  the  severe  ductular  cell  transformation  which  led  to  fibrosis.  The  liver 
cell  breakdown  products  evoked  th(>  parenchymal  reaction  which  also  ])roduced 
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fibrosis  with  fibroblasts  and  polysaccharides  which  we  could  stain.  This  led  to  the 
formation  of  high  gamma  globulin  possibly  by  way  of  an  antigen-antibody  re- 
action. 

Finally,  postnecrotic  cirrhosis  developed,  with  formation  of  collaterals  and 
regenerative  nodules. 

DR.  HODES:  One  other  vitamin  was  involved,  namely,  carotene  and  vitamin 
A.  Carotene  was  so  low  because  it  was  not  absorbed  and  vitamin  A  also  was  not 
absorbed.  Furthermore,  the  liver  was  unable  to  change  the  carotene  that  was 
present  into  vitamin  A. 

FINAL  PATHOLOGIC  DIAGNOSIS:  (1)  Neonatal  giant  cell  hepatitis  with 
early  postnecrotic  cirrhosis.  (2)  Rickets  due  to  impaired  vitamin  D  absorption. 


"Radiological  7\[ptes 


CASE  NO.  54 

A  2}  2  year  old  child  was  admitted  with  a  history  of  12  hours  of  ahdoininal 
pain.  At  the  age  of  (5  months,  this  child  had  had  an  ileocolic  intu.s.susception 
reduced  by  barium  enema  examination.  Clinical  diagnosis  was  recurrent  intus- 
susception despite  the  al)sence  of  bloody  diarrhea.  Simple  (examination  of  the 
abdomen  (Fig.  1)  showed  findings  typical  of  an  ileocolic  intu.s.sception.  This  was 
confirmed  on  barium  enema  examination  which  also  reduced  the  intussusception 
after  maintaining  a  column  of  barium  'M\  inches  high  for  a  period  of  !)  minutes. 


Case  54,  Fig.  1.  Simple  film  of  the  abdomen  shows  a  soft  tissue  intraluminal  moss 
occluding  the  lumen  of  the  transverse  colon  (arrow)  which  is  actually  widened  at  this 
point.  This  is  the  characteristic  appearance  of  the  leading  edge  of  an  intussusceptum. 
To  the  right  of  the  spine,  below  the  liver,  there  is  a  spherical  density  which  represents 
the  distal  part  of  the  intussusception.  Below  this,  loops  of  air-containing  small  bowel 
occupy  the  normal  position  of  the  ascending  colon.  (The  small  dense  circular  shadow  in 
the  left  upper  quadrant  is  an  opaque  button  on  the  skin.) 
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A  simple  film  of  the  abdomen  is  shown  in  this  case  in  order  to  emphasize  that 
the  diagnosis  of  intussusception  can  often  be  made  without  barium  enema  exam- 
ination. If  there  is  any  doubt,  air  may  be  injected  into  the  colon  prior  to  taking 
a  film  of  the  abdomen  in  order  to  demonstrate  the  characteristic  features  of 
the  leading  edge  of  the  intussusceptum.  If  attempts  to  reduce  the  intussuscep- 
tion by  barium  enema  examination  are  not  to  be  made,  the  findings  on  a  simple 
film  of  the  abdomen  in  combination  with  the  clinical  features  are  sufficient  to 
permit  operative  intervention.  Barium  enema  examination  with  additional 
radiation  exposure  to  the  child  can  thus  be  avoided. 

Incidentally,  in  this  particular  child,  despite  the  fact  that  there  was  no  ques- 
tion that  the  intussusception  had  been  reduced  by  the  barium  enema  examin- 
tion,  a  recurrence  occurred  21  hours  later.  At  operation,  no  lesion  which  would 
explain  recurrent  intussusception  was  found. 

Final  Diagnosis:  Ileocolic  ixtussusceptiox — diagnosis  ox  simple  film 
OF  the  abdomex. 


A  70  3'ear  old  male  was  admitted  to  the  ho.spital  with  the  history  of  a  known 
duodenal  ulcer  for  14  years.  Two  daysj  prior  to  admission,  he  developed  severe 
epigastric  pain,  nausea,  vomiting  and  a  rigid  abdomen.  When  the  patient  pre- 
sented himself,  his  severe  symptoms  had  sub.sided,  but  on  fluoroscopy  a  large 
amount  of  free  air  was  evident  below  both  leaves  of  the  diaphragm.  He  was 
therefore  admitted  and  the  presence  of  free  air  confirmed  (Fig.  1).  Three  yeans 
previously,  the  patient  had  been  admitted  to  the  ho.spital  and  a  perforated 
duodenal  ulcer  treated  medically.  At  that  time,  free  air  was  also  demonstrated 
in  the  abdominal  cavity.  The  patient  again  did  well  on  a  medical  regime  and 
8  days  after  admission  was  referred  for  Ijarium  meal  examination.  It  was  noted. 


Case  55,  Fig.  1.  Erect  film  shows  a  large  quantity  of  free  air  below  both  leaves  of 
the  diaphragm. 


CASE  XO.  55 
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Case  55,  Fig.  2.  Film  from  barium  meal  examination  done  18  days  after  Fig.  1 
showing  persistent  free  air.  There  was  no  extravasation  of  barium. 

however,  on  preliiniiiary  fluoroscopy,  that  there  was  a  large  quanlity  ol  free 
air  in  the  peritoneal  cavity.  Despite  the  fact  that  the  patient  was  taking  fluid 
by  mouth,  no  barium  was  administered.  Ten  days  later,  the  patient  was  again 
referred  for  a  barium  meal.  .\  large  quantity  of  free  air  was  still  present.  Never- 
theless, barium  was  administered  and  a  con\entional  gastro-intestinal  exam- 
ination performed  (Fig.  2).  None  of  the  barium  entered  the  peritoneal  cavity 
and  the  patient  had  no  complication  as  a  result  of  the  procedure.  The  patient 
was  discharged  and  returned  (i  months  later  for  performance  of  a  gastroenteros- 
tomy. Prior  to  this  procedure,  examination  of  the  abdomen  (Fig.  again  re- 
vealed a  large  (luantity  of  free  air  in  the  peritoneal  cavity  despite  the  fact  that 
the  patient  gave  no  history  suggesting  a  recent  perforation.  Barium  meal  exam- 
ination was  done  a  second  time  without  incident.  The  presence  of  free  air  was 
confirmed  at  the  time  of  operation  but  nf)  perforation  was  disco\ered. 
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Case  55,  Fig.  3.  Erect  film  taken  7  months  after  Fig.  1  still  shows  a  large  quantity 
of  free  air  below  the  domes  of  the  diaphragm.  Another  barium  meal  examination  wos 
done  at  this  time  without  incident. 

In  this  patient,  it  was  demonstrated  that  a  large  quantity  of  free  air  remained 
in  the  peritoneal  cavity  over  a  period  of  about  7  months.  The  explanation  for 
this  is  not  clear  but  it  may  have  been  related  to  his  previous  chemical  peritonitis 
three  years  earlier. 

Final  Diagnosis:  Chroxic  duodexal  ulcer  avith  recurrext  perforatiox; 

PERSISTENCE  OF  FREE  AIR  IN  THE  PERITONEAL  CAVITY  FOR  7  MONTHS. 

CASE  XO.  56 

(Submitted  by  Herman  C.  Zuckerman,  M.D.) 

Radiography^  of  the  breast  has  been  recently  recommended  on  a  survey  basis 
for  cancer  detection.  The  case  presented  below  is  not  unique  in  the  experience 
of  those  radiologists  who  perform  this  type  of  examination  but  is  a  good  example 
of  the  value  of  the  method.  This  was  a  49  year  old  woman  who  one  year  before 
the  current  observation  was  noted  to  have  lumps  in  her  left  breast.  She  was 
followed  and  the  masses  appeared  to  recede  in  the  intermenstrual  intervals. 
Since,  however,  the  masses  persisted,  she  was  re-examined  and  referred  for 
roentgen  examination.  This  showed  (Fig.  1)  three  abnormal  areas,  two  of  which 
appeared  to  be  homogeneous  and  globular  and  had  the  appearance  of  benign 
cysts.  The  third,  however,  situated  more  deeph^  in  the  breast  behind  these 
cysts  showed  irregular  thickened  strands  of  tissue  with  a  central  density  con- 
containing  minute  pinpoint  size  calcifications.  The  appearance  of  this  area  is 
practically  pathognomonic  of  a  carcinoma;  the  calcifications  are  characteristic. 
At  the  time  of  operation,  frozen  section  confirmed  the  roentgen  findings.  A 
radical  mastectomy  was  performed;  no  nodes  were  invoh'ed. 
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Case  56,  Fig.  1.  Radiography  of  the  left  breast  shows  two  sharply  demarcated, 
globular,  homogeneous  shadows  which  have  the  appearance  of  cysts.  However,  deep 
in  the  breast  (arrow)  there  is  a  small  irregular  dense  area  with  radiating  streaks,  con- 
taining scattered  pin-point  calcific  deposits.  This  appearance  is  characteristic  of  duct 
cell  carcinoma. 

Final  Diagnosis:  iNFiLTHATixf;  dtct  caucixom a  ok  the  nHF:AST.  Mn.TirLE 

CYSTS. 

CASK  NO.  .)7 

A  70  year  old  man  was  admitted  with  the  chief  complaint  of  generahzed 
crampy  abdominal  pain  for  18  hours.  I']ight  months  previouslj',  an  anterior 
resection  for  an  infiltrating  carcinoma  of  the  sigmoid  had  been  performed.  An 
unusual  feature  at  that  time  was  that  the  sigmoid  had  been  drawn  o\'er  to  the 
right  lower  ([uadrant  by  fibrous  adhesions  and  it  was  diffusely  and  densely 
adherent  to  the  cecum,  to  the  po.sterior  parietal  peritoneum  and  also  to  the 
anterior  parietal  peritoneum  in  the  region  of  an  appendectomy  scar.  Resection 
and  an  end-to-end  anastomosis  were  performed  after  mobilizing  the  sigmoid. 
Xo  involved  lymph  nodes  were  found.  The  tissue  which  was  adherent  to  the 
anterior  abdominal  wall  was  also  examined  and  showed  only  old  fat  necrosis 
without  evidence  of  tumor.  Post-operatively,  the  patient  did  (|uite  well  and 
gained  about  10  pounds  in  weight. 

On  admission,  the  clinical  and  roentgen  findings  were  that  of  a  low  small 
bowel  mechanical  intestinal  obstruction.  This  was  treated  with  a  long  tube 
and  bowel  movements  soon  returned.  Barium  enema  examination  showed  no 
abnormality  in  the  colon  and  a  small  bowel  series  was  then  performed.  This 
showed  a  short,  markedly  constricted,  rigid  segment  about  one  inch  in  length 
in  the  distal  ileum,  located  about  a  foot  from  the  ileocecal  valve.  There  was 
minimal  dilatation  of  the  ileum  proximal  to  this  site.  At  the  site  of  constric- 
tion, there  was  an  additional  fine  tract  of  barium  which  suggested  fistula  forma- 
tion. Moreover,  the  medial  aspect  of  the  terminal  portion  of  the  ileum  adjacent 
to  this  narrowed  segment  .showed  multiple  indentations  suggesting  an  extrinsic 
neoplasm  infiltrating  the  bowel  wall. 
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Case  57,  Fig.  1.  In  the  distal  ileum  about  a  foot  from  the  ileocecal  valve,  there  is  a 
segment  about  1  inch  in  length  farrow)  which  is  markedly  narrowed,  quite  rigid,  with 
destroyed  mucosa.  There  is  a  second,  thin  tract  of  barium  which  appears  to  be  in  the 
inferior  or  medial  aspect  of  the  wall  of  the  bowel  at  this  site.  In  the  terminal  ileum, 
immediately  lateral  but  adjacent  to  the  narrowed  segment,  there  are  multiple  inden- 
tations on  the  medial  aspect  of  the  bowel,  indicative  of  neoplastic  involvement.  A  soft 
tissue  mass  intervenes  between  the  two  involved  portions  of  ileum.  The  appearance  of 
a  neoplasm  involving  two  adjacent  loops  of  ileum  suggests  that  the  original  lesion  was 
a  serosal  implant. 

The  finding.^  de.scribed  above  were  interpreted  to  be  the  result  of  a  sercsal 
implant  which  in^•olved  two  adjacent  loops  of  ileum  and  had  produced  marked 
narrowing  with  partial  intestinal  obstruction.  At  operation,  an  ileocolic  resec- 
tion was  performed.  The  ileum  formed  a  tight  loop  within  which,  on  the  serosal 
aspect,  there  was  a  mass  which  was  extremely  firm  and  which  infiltrated  the 
ileum  on  both  sides.  The  mucosal  surface  of  the  ileum  was  ulcerated  and  in- 
\'aded  from  the  outside.  A  fistulous  communication  could  be  demonstrated  by 
a  probe  passing  between  the  two  adjacent  adherent  portions.  Histological  exam- 
ination was  reported  as  metastatic  adenocarcinoma.  The  mesenteric  lymph 
nodes  showed  no  evidence  of  tumoi-. 
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Case  58,  Fig.  1.  Film  taken  during  continuous  swallowing  of  fluid  barium  shows  a 
small  direct  type  of  hiatus  hernia  with  moderate  widening  of  the  hiatal  ring.  The  bor- 
ders of  the  esophagus  for  several  inches  above  the  hernia  are  finely  spiculated  or 
serrated.  Free  regurgitation  was  demonstrated  during  this  examination. 

Final  Diagnosis:  AIktastatic  cakcixoma  ok  thk  if^kim  i'kim\1!V  in  thk 
.si(;m()ii). 

CASK  XO.  .IS 

The  first  admission  of  this  patient  was  at  tlic  end  of  l!).")!)  with  a  history  of 
progressive  scleroderma  of  the  skin  for  at  least  2  j'-ears.  She  was  admitted  be- 
eause  of  palpitations  aeoompanied  by  shortness  of  breath  and  sticking  pre- 
cordial pahi.  ]3uring  the  four  months  before  this  admi.ssion,  she  had  had  five 
such  episodes.  Physical  examination  showed  the  skin  on  the  face  to  l)e  typical 
of  scleroderma  with  similar  changes  in  the  hands,  claw-like  fingers  and  clubbing. 
The  heart  rate  was  200.  There  was  1  plus  sacral  and  pretibial  edema.  Blood 
pressure  was  90  (50.  I^lectrocardiogram  was  difficult  to  interpiet  but  suggested 
paroxysmal  ventricular  tachycardia  although  the  possibility  of  auricular  flutter 
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Case  58,  Fig.  2.  Re-examination  on  last  admission  shows  a  flat  ulcer  crater  (black 
arrow)  on  the  right  posterior  wall  of  the  esophagus  immediately  above  the  hernial 
sac.  There  is  no  associated  stricture.  A  somewhat  globular  segment  about  2  inches  in 
length  (white  arrow)  extends  proximal  to  the  crater  with  an  abrupt  transition  to  tubular 
esophagus  of  normal  calibre.  In  general,  a  transitional  segment  of  intermediate  dis- 
tensibility  intervening  between  normal  tubular-shaped  esophagus  and  a  hernial  sac 
particularly  if  ulceration  or  narrowing  is  present  at  either  end  or  at  both  ends,  indicates 
that  so-called  gastric-lined  esophagus  is  present. 

could  not  be  entirely  excluded.  A  variety  of  medication  was  used  in  an  attempt 
to  control  the  tachycardia,  without  success  for  48  hours.  The  tachycardia 
finally  subsided  and  the  patient  was  maintained  on  digoxin.  Because  the  patient 
survived,  it  was  assumed  that  the  tachycardia  must  have  been  supraventricular 
in  origin. 

The  patient  also  complained  of  recurrent  epigastric  pain  after  eating,  and  bar- 
ium meal  examination  (Fig.  1)  demonstrated  an  unusually  distensible  esophagus 
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witli  an  absence  of  peristaltic  activity  as  well  as  a  small  direct  type  of  hiatus 
hernia.  The  contour  of  the  filled  esophagus  for  a  short  distance  i)roxinial  to  the 
hernial  sac  appeared  slightly  serrated.  This  indicated  the  presence  of  peptic 
esophagitis  in  addition  to  scleroderma  and  a  small  hernia.  When  the  i)atient 
was  placed  in  the  Trendelenburg  i)osition,  there  was  completely  free  retrograde 
flow  of  barium  from  the  .stomach  into  the  hernial  .sac  and  into  the  esophagus. 
The  patient  was  re-admitted  on  two  further  occasions  over  the  next  five  months 
because  of  recurrence  of  paroxysmal  tachycardia.  During  her  last  admission, 
becau.se  of  increased  dysphagia,  barium  meal  examination  was  repeated.  The 
roentgen  findings  in  the  distal  eosphagus  (Fig.  2)  were  different  from  tho.se 
previously  seen.  In  addition  to  the  small  hernial  .sac,  there  was  a  flat  projecting 
ulcer  niche  on  the  posterior  and  right  aspect  of  the  es<)])hagus  immediately 
proximal  to  the  hernia  and,  above  this,  there  was  a  somewhat  globular  more 
distensible  region  with  an  alorupt  transition  into  the  tubular  esophagus  above 
this  area.  The  diagnosis  of  marginal  peptic  ulceration  was  suggested  but  the 
significance  of  the  distended  segment  proximal  to  the  ulceration  was  not  realized. 
This  patient  ceased  during  an  episode  of  paroxysmal  tachycardia  which  could 
not  be  controlled.  At  post  mortem,  it  was  evident  that  sclerodermatous  changes 
involved  the  myocardium  in  a  diffu.se  fashion.  Of  interest  from  the  point  of  view 
of  the  present  presentation  is  the  fact  that  approximately  the  distal  3  inches  of 
the  esophagus  were  lined  by  .so-called  heterotopic  ga.stric  epithelium  ("gastric- 
lined  esophagus,  esophagus  lined  by  columnar  epithelium,  congenital  short 
s([uamous  esophagus,  Barrett  anomaly").  The  punched-out  ulceration  was 
present  at  the  jun-ction  of  this  segment  with  the  small  herniated  portion  of 
stomach.  Intramural  sclerodermatous  changes  in  the  wall  of  the  esophagus 
were  al.so  present. 

Final  Diagnosis:  Scleredkkma  i.wolvi.xg  a  "(iASTUic-LiNicn"  Esoi'iiACirs 

WITH  I'KPTIC  I  LrERATIOX  AT  ITS  DISTAL  EM). 

CASE  NO.  .")!) 

(Sl  BMITTEl)  HY  ChARLES  XeWMAX,  M.D.) 

This  was  the  first  admission  of  a  32  year  old  female  who,  the  day  before  ad- 
mission, suddenly  complained  of  left  temporal  headache  and  rapidly  became 
stuporous,  .\fter  admis.sion,  the  patient  became  somewhat  more  responsive 
and  evidenced  a  right  hemisensory  and  right  hemimotor  syndrome.  Lumbar 
tap  showed  grossly  bloody  spinal  fluid  with  a  pressure  of  300.  ()\er  the  period 
of  the  next  week,  the  patient  showed  some  improvement  but  there  were  inter- 
mittent episodes  of  .stupor  and  hypotension. 

Roentgen  examination  of  the  skull  showed  slight  displacement  of  the  pineal 
towards  the  right  side.  Cerebral  angiography  in  the  lateral  projection  (Fig.  1) 
showed  marked  elevation  of  the  vessels  in  the  Sylvian  fissure.  The  posterior 
temporal  branch  of  the  Sylvian  group  was  stretched  and  elongated  over  the 
region  of  the  temporal  lobe.  In  the  ])arieto-occipital  area,  in  the  arterial  pha.se, 
a  small  half-centimeter  nest  of  ve^.sels  was  demonstrated  with  premature  visual- 
ization of  a  vertical  draining  vein  which  extended  downward  towards  the  lateral 
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Case  59,  Fig.  1.  Lateral  view  taken  during  the  course  of  percutaneus  carotid  angiog- 
raphy shows  marked  elevation  of  the  vessels  in  the  Sylvian  fissure  throughout  its  entire 
course.  The  posterior  temporal  artery  leaves  the  fissure  anteriorly  and  appears  to  be 
draped  over  the  region  of  the  temporal  lobe.  This  vessel  also  appears  to  be  elongated 
and  stretched,  and  extends  well  posteriorly.  In  the  parieto-occipital  region  (upper 
arrow),  there  is  a  small  circular  collection  of  minute  vessels  supplied  by  one  of  the 
Sylvian  vessels.  In  addition,  during  this,  the  arterial  phase,  there  is  premature  visuali- 
zation of  a  draining  vein  (lower  arrow)  extending  inferiorly  towards  the  lateral  sinus. 
The  appearance  of  the  nidus  of  vessels  suggests  the  presence  of  an  arteriovenous 
anomaly  of  the  nature  of  an  angioma.  The  space-occupying  lesion  in  the  temporal 
lobe  is  avascular  and  is  consistent  with  a  large  intracerebral  hematoma. 

sinus.  No  tumor  stain  was  seen  in  the  area  below  the  Sylvian  fissure  and  this 
region  gave  the  impression  of  relative  avascularity.  The  angiogram  was  inter- 
preted as  showing  a  space-occupying  lesion  in  the  temporal  lobe  with  a  vascular 
abnormality  in  its  periphery  posteriorl3^  The  possibility  of  a  neoplasm  presum- 
ably with  bleeding  or  cystic  changes  could  not  be  entirely  excluded,  but  the 
impression  was  that  the  patient  was  suffering  from  a  small  vascular  anomaly, 
an  angioma,  which  had  bled  extensively  into  the  substance  of  the  temporal 
lobe. 

Craniotomy  was  performed  8  weeks  after  admission  to  the  hospital.  The  dura 
was  found  to  be  under  moderate  tension.  The  convolutions  in  the  posterior 
temporal  region  were  flattened  and  widened  and  the  sulci  were  almost  obliterated. 
The  middle  temporal  con\-olution  was  discolored  posteriorly.  A  transcortical 
incision  was  made  through  this  area  and  a  large  encapsulated  hematoma  im- 
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mediately  eiifouutered.  Yellow  Huid  was  aspirated  from  the  hematoma  which 
was  then  earefully  stripped  from  the  brain  sul)staiK-e  thrniig;h  a  clear  line  of 
demarcation.  In  the  postero-medial  portion  of  the  cavity,  a  small  vascular 
malformation  was  exposed  which  was  then  freed  from  the  white  matter  and 
resected.  Post-operatively  the  patient  did  ([uite  well  except  for  residual  aphasic 
phenomena. 

The  type  of  vascular  anomaly  that  this  patient  demonstrates  must  be  differ- 
entiated from  the  more  con\  entional  type  of  arteriovenous  anomaly  or  aneurysm 
which  shows  a  conglomeration  of  anomalous  arteriovenous  communications 
with  very  large  arteries  .supplying  the  lesion  and  large  veins  draining  it.  Re.scc- 


Case  60,  Fig.  1.  Double  contrast  portion  of  the  barium  enema  examination  shows 
numerous  diverticula  in  the  sigmoid  and  scattered  diverticula  elsewhere  in  the  colon. 
There  is  minimal  lack  of  complete  distensibility  of  the  sigmoid  with  slight  flattening  of 
its  superior  aspect.  There  was  no  evidence  of  fistulization  or  of  perforation  or  of  an 
extrinsic  inflammatory  mass. 
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tioii  of  this  type  of  lesion  is  difficult  and  treatment  often  unsatisfactory.  In  the 
patient  presented,  however,  the  vascular  anomaly  is  small,  almost  of  capillary 
nature,  and  the  supplying  and  draining  vessels  are  not  numerous  or  markedly 
enlarged.  This  type  of  lesion,  therefore,  can  be  completely  resected.  Clinical 
symptoms  are  not  evident  until  intracerebral  bleeding  occurs. 

Final  Diagnosis:  Small  cerebral  angioma  with  intracerebral  hematoma. 

CASE  XO.  60 

(Submitted  by  Richard  H.  Marshak,  M.D.  and  Jo.\x  Eliasoph,  M.D.) 

A  58  year  old  man  was  referred  for  barium  enema  examination  with  the  chief 
complaint  of  recurring  episodes  of  left  lower  quadrant  pain  occurring  over  a 


Case  60,  Fig.  2.  Small  bowel  series  demonstrated  a  segment  about  2  inches  in 
length  in  the  distal  jejunum  immediately  adjacent  to  the  sigmoid  (arrow)  which  showed 
limited  distensibility,  markedly  irregular  contours,  efFacement  of  the  normal  valvular 
pattern  and  coarsening  of  the  mucosal  surface.  The  segment  parallels  the  sigmoid, 
appeared  fixed  in  position  and  is  separated  from  the  sigmoid  by  a  soft  tissue  layer 
about  1  cm.  in  thickness. 
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Case  60,  Fig.  3.  Repeat  barium  enema  examination  done  two  weeks  after  that 
illustrated  in  Fig.  2  showed  no  abnormality  in  any  loop  of  small  bowel  adjacent  to  the 
sigmoid.  (Incidentally,  a  right  inguinal  hernia  is  demonstrated  containing  a  knuckle  of 
small  bowel). 

period  of  sovcral  years,  each  lasting  for  a  period  of  several  weeks.  During  these 
episodes,  there  was  moderate  tenderness  to  palpation  in  the  left  lower  (juadrant 
but  a  mass  was  not  palpable.  The  most  recent  episode  had  been  accompanied 
by  low  grade  fever  lasting  for  .several  days. 

Barium  enema  examination  (Fig.  1)  .showed  a  large  iiuinher  of  diverti(Hila 
in  the  sigmoid  and  scattered  diverticula  elsewhere  in  the  colon.  There  was  min- 
imal limited  distensibility  of  the  sigmoid  and  slight  flattening  along  the  superior 
aspect  of  the  sigmoid  loop.  No  evidence  of  fistulization  or  perforation  or  of  an 
intramural  inflammatory  mass  or  of  any  remarkable  extrinsic  pressure  was 
demon.strated. 

The  findings  in  the  sigmoid  on  the  barium  enema  were  so  minimal  that  the 
([uestion  arose  as  to  whether  sigmoid  diverticulitis  was  the  explanation  of  the 
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Fig.  1.  Villous  adenoma  in  the  rectum  i^arrowi.  A  discrete  somewhat  lobulated  intra- 
luminal mass,  with  a  network  of  streaks  of  barium  in  a  cobblestone  pattern  composing 
its  surface,  is  characteristic.  This  lesion  is  about  inches  in  its  largest  diameter.  In 
addition,  there  are  two  smaller,  typical  polyps  in  the  mid-sigmoid. 

patient's  recurring  symptoms.  For  this  reason,  a  small  bowel  series  was  per- 
formed. This  demonstrated  a  short  segment  of  distal  jejunum  about  2  inches  in 
length  immediately  apposed  to  the  sigmoid  which  showed  limited  distensibility, 
coarsely  irregular  contours,  obliteration  of  the  ^ahulae  conniventes  and  a 
coarse  mucosal  pattern  (Fig.  2).  This  segment  of  jejunum  appeared  to  be  fixed 
in  position;  the  small  bowel  proximal  to  it  was  somewhat  dilated.  There  was  no 
remarkable  obstruction  to  the  flow  of  barium  through  this  segment  and  the 
loops  of  small  bowel  distal  to  it  did  not  appear  abnormal. 

The  changes  in  the  small  bowel  were  difficult  to  interpret.  They  appeared  not 
to  be  neoplastic  in  nature,  but  more  likely  due  to  inflammatory  changes  in  and 
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Fig.  2.  Villous  adenoma  in  the  descending  colon.  The  lobulation  in  its  superior  por- 
tion is  coarser  than  is  ordinarily  seen.  Microscopic  examination  showed  malignant 
transformation. 

around  the  involved  segment  as  the  result  of  a  previous  pericolitis  associated 
with  an  acute  sigmoid  diverticulitis.  Antibiotic  therapy  was  administered  for 
an  additional  period  of  two  weeks  and  the  small  bowel  .series  then  repeated  (l"ig. 
3).  Xo  abnormality  was  noted  in  any  loop  of  jejunum  including  those  imme- 
diately adjacent  to  the  sigmoid.  The  rapid  subsidence  of  the  changes  in  the 
small  bowel  confirmed  the  pre\ious  impression. 

This  case  is  pre.sented  as  an  unusual  example  in  which  there  was  demonstrable 
intrinsic  inflammatory  involvement  of  a  short  .segment  of  small  bowel  as  a  re- 
sult of  a  sigmoid  diverticulitis.  It  is  remarkable  that  the  small  bowel  changes 
appeared  to  re(|uire  a  considerably  longer  period  of  time  for  subsidence  of  the 
inflammatory  changes  than  the  site  of  original  disease  in  the  sigmoid. 

Final  Diagnosis:  Si(iMoii)  niVKKTici  LiTis  with  .\dj.\ce.\t  e.nteuiti.s. 
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ROENTGEN  DIAGNOSIS  OF  VILLOUS  ADENOMA  OF  THE  COLON 

Villous  adenoma  of  the  colon  is  not  an  uncommon  condition.  There  is  some 
disagreement  as  to  the  classification  of  this  lesion  and  the  designation  of  adeno- 
carcinoma grade  I  is  sometimes  used  instead  of  the  term  villous  adenoma.  It 
is  generally  agreed  that  the  lesion  is  potentially  malignant  but  that  treatment 
prior  to  obvious  malignant  transformation  carries  a  considerably  better  prog- 
nosis than  the  common  varieties  of  carcinoma  of  the  colon  and  that  excessively 
radical  operative  procedures  are  not  indicated.  It  is  therefore  of  some  import- 
ance to  differentiate  this  type  of  lesion  from  the  usual  colonic  carcinoma. 

On  roentgen  examination,  we  have  observed  a  number  of  cases  of  villous 
adenoma  in  which  the  diagnosis  could  be  suggested.  The  roentgen  features  (Figs. 
1,  2,  3)  consist  of  a  large,  sometimes  extremely  large,  apparently  multilobulated, 


Fig.  3.  Huge  villous  adenoma  in  the  transverse  colon.  A  large  part  of  the  intra- 
luminal defect  is  obscured  by  surrounding  barium  but  the  irregularly  lobulated  contour 
and  a  broad  base  are  evident.  Adjacent  satellite  lesions  farrowj,  smaller  but  of  similar 
nature  may  be  present  forming  one  conglomerate  mass. 
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intraluminal,  polypoid  defect  with  a  l)ioad  base  which  doe.s  not  produce  any 
obstruction  to  the  retroj^rade  How  of  l)ariuni.  The  surface  of  this  l(>sion  has 
an  irregular  cobl)lestone  appearance  with  small  and  lar{2;er,  sharply  drawn  rings 
of  barium.  This  surface  pattern  is  the  result  of  the  entrance  of  barium  into 
the  fine  interstices  or  clefts  of  the  filling  defect.  It  is  not  due  to  visualization 
of  the  "villi"  which  can  be  seen  only  microscopically.  No  discrete  central  excava- 
tion or  ulceration  is  present.  Intu.s.susception,  usually  of  limited  extent,  may  be 
present.  Large  lesions  maj'  in\olve  the  entire  circumference  of  the  bowel  but 
rarely  produce  obtiu'ation  of  the  lumen.  The  reason  for  this  is  the  fact  that  the 
diameter  of  the  bowel  at  the  site  of  the  lesion  is  greater  than  normal,  i.e.,  local 
dilatation  is  present.  The  presence  of  dilatation  is  of  prognostic  significance  since 
it  is  indicative  of  superficial  spread  rather  than  deep  infiltrations  into  the  wall  of 
the  bowel. 

In  these  cases,  it  is  important  to  search  for  other  more  typical  polyps  which 
are  frequently  present.  .Vfter  transformation  into  a  carcinoma,  the  tj'pical  ap- 
pearance is  lost  and  the  more  characteristic  roentgen  findings  of  an  ulcerating 
neoplasm  become  evident.  Incidentally,  villous  adenoma  may  occur  also  in  the 
stomach  and  show  similar  roentgen  features. 

The  diagnosis  of  a  villous  adenoma  should  not  be  made  on  the  basis  of  the 
roentgen  examination  without  the  ciualification  that  malignant  change  cannot 
be  excluded.  In  some  instances  in  which  the  diagnosis  has  been  sus- 
pected, microscopic  examination  did  not  demonstrate  the  typical  villous  stric- 
ture. Nevertheless,  these  cases  were  large  irregular  adenomatous  polyps  which 
should  be  treated  in  a  similar  fashion. 
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